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PREFACE TO THE AMERICAN EDITION. 



In view of the well-known thoroughness and accuracy of Bruno 
Kerl's various metallurgical works, the preparation of the present 
edition of his abridged Manual of Assaying has been undertaken 
with the conviction that it would be doing a real service to English 
speaking students and teachers of the subject. Though presented 
in very condensed form, every method of importance will be found 
to have received notice, and its practical value duly estimated at 
its proper worth. 

The utility of the translation it is hoped will be found to be in- 
creased by the introduction of the English equivalents of the 
French metric weights and measures, wherever these occur 
throughout the work. In other respects the aim of the translator 
and reviser has been to preserve in its integrity the text of the 

original work. 

W. H. W. 

Philadelphia, April 5, 1883. 



AUTHOR'S PREFACE. 



The object of the " Asgayer's Manual" is to give directions for 
executing docimastic tests of natural and artificial products by 
methods taken mostly from practice, and which are of interest 
especially to metallurgists, but also to other technologists. To 
those possessing some knowledge of chemical and docimastic 
manipulations, the aphoristic mode of expression I have chosen 
will be sufficiently clear to enable them to execute the tests with- 
out further instruction. Those less skilled are referred for details 
to my larger work on "Assaying," Leipzig, 1866. Copious 
bibliographical references are given in the foot-notes, which are 
calculated to help both the teacher and scholar. 

As the assaying of iron has been thoroughly treated in my 

manual of " Assaying of Iron," Leipzig, 1875, the subject has 

been omitted in the present treatise. 

S. K£]RL. 

Berlin, September, 1879. 
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ASS AY IN" G. 



GENERAL DIVISION. 



1 . OBJECT OF THE ART OF ASSAYING.^ 

The art of assaying (dodmacy^ from Soxtfiai^etv^ to test) 
is a branch of analytical chemistry. Its object is the 
quantitative determination, in the shortest possible time, 
of the products of mining and metallurgical operations, as 
well as the quantitative examination of many natural and 
artificial products derived from other sources, such as 
coins, fuels, etc. Formerly, in order to reach the result 
with the greatest expedition, the dry method (dry assay) 
was chosen for producing the chemical reaction ; but, as 
this was frequently done at the expense of accuracy in 
the result of the assay, the wet method (wet assay, gram- 
meti^ analysis^ analysis hy measure or volumetfic anaU 
ysia^ and colorimetric analysis) is also used in modem 
times. But it has by no means entirely displaced the 
dry method, for the latter is employed in all cases where 
results sufficiently accurate are more quickly reached, 
or where suitable, simple wet assay methods (as in assay- 

^ Kerl, Eiseoprobirkunst, Leipzig, 1875. Balling, Probirkunde, Braun 
iBdiweig, 1879. Mitchell, Manual of Practical Assaying, London, 1868 
Ricketts, Notes on Assaying and Assay Schemes, New York, 1876. 
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ing lead, cobalt, nickel, gold, and silver) cannot be substi- 
tuted for it. 

Sometimes a combination of both is employed (assays 
of lead, gold, etc.). Recently the method oi precipitating 
metals hy electrolysis^ has been employed to great advan- 
tage (copper, nickel, cobalt). 

Vohimetric assays can mostly be performed in a shorter 
time, which is an important item where much assaying 
has to be done. The results they yield are either very 
accurate, or at least sufficiently exact^ for metallurgico- 
technical purposes ; they are less expensive, but require 
greater experience and more chemical knowledge on the 
part of the operator, and special apparatus of accurate 
construction. While by the dry method the metal as- 
sayed, or one of its alloys having a known composition, 
is weighed directly, in volumetric assays it is calculated 
from certain reactions of the reagents employed, and 
the result may possibly be vitiated on account of the 
presence of foreign substances, of whose presence there is 
not always an indication. 

Colorimeiric aesays are chiefly employed for determin- 
ing very small quantities of metals which either could not 
be detected by other methods, or, if so, then only by very 
tedious processes (copper, lead) ; but recently they have 
been developed so as to adapt them for substances rich 
in metal»( copper). 

The blowpipe is frequently used for a preliminary 



■ B. u. h. Ztg., 1889, p. 181 (Luckow) ; 1875, p. !,').'> ; 1877, p. 5 {Scliwe- 
der). Grollie, poljl. Zlaclir, 1877, p. 11 (Bertrand). 

' B. u. b. Ztg,, 1869, p. 330. (Compare graTlinetric aud volametric aesnja 
ofCu, Fe, Zn, Bb.) 

' Berzeliua, Anwendung des Lothrolirs, Niirnberg, 1638, Scberer, Lolli- 
rolirbuch, Braunschweig, 1857. Bimbaum, LGlhrolirbucli, Braitnschweis, 
1B72. Bimmler, Lblhrohrcbemie, Zilricb, 1873. Hiracbwald, Lotlirohria- 



I. Dlechanioal Manipiilatioiis. 



2. SAiTPLING. 

i absolutely necessarj' that the small quantity of 
sample with which the assay is made, should represent ■ 
the average compositioo ofthe ore-heap, etc., from which 
it is taken. The manner of taking samples varies accord- 
ing to the character of the substances to be assayed, viz. : — 
I A. Non-alloys (ores, matt, speiss, slag, etc.). 
1. Substancee in fragments, either homogeneous or 
lerogeneous in composition. 
Bi. Homogeneous fragments, many iron ores, lead and 
pper ores, etc. 
o. Samples from the heap} — Pieces are taken at ran- 
dom (it is best to do so with bandaged eyes) with the 
liand or a shovel, from different places on the circumfe- 
rence of the heap, and also from the interior, after the 
upper layer which has been dried by the atmospliere 
has been removed. The collected lumps (about 100 
kilogrammes, 220.5rl: lbs. ; in Freiberg, for certain ores, 
one-tenth of the heap) are comminuted to pieces of the 
size of ar bean, either by means of rollers or stamps, or 
with a sledge-hammer. A square or conical heap is then 
formed of the pieces, and this is divided into four parts. 
One of these is taken, the pieces forming it are still 
further comminuted, and then again formed into a heap, 
which is divided as before. The comminution and reduc- 
tion are repeated several times, finally upon an iron plate 



lietlei), Leipzig, 1875. Landauer, Lotlirohranalyse, BrauiiBCJiweig, 1876. 
Kerl, Lotlirolirprobirktmsl, Claustbal, 187T. Landauer, system a lisclier 
Gang der Lolhrolirannlyso, Wiesbaden, 1878. Plallaer-Ricliler, Proijir- 

jt dem Loilirnlir, 4 Aull., Leipdg, 1878. 

1. h. Ztg., 18B8, p. 38 ; 1873, p. 5B. 






provided with a rim (reducing-board), until at last froiol 
J to 1 kilogramme (1 to 2 lbs.) of the sample remains, in ■ 
such comminuted form that it will pass through a sieve 
having 30 by 30 meshes to the square centimeter (about 
75 meshes to the inch). 

^. Samples taken while the ore, etc., is being weighed. 
— Pieces are taken at random from every lot weighed, and 
the collected pieces comminuted and reduced according 
to paragraph a (Upper Harz copper pyrites). 

y. Samples by rasping. — puels, etc., which cannot be 
pulverized are comminuted by a rasp, and a reduced sam- 
ple made from this. 

5. Slag samples. — A piece of slag is taken every time 
the slag is tapped or run off, or a piece is broken off from 
every cone formed. The pieces of one charge are commi- 
nuted and reduced in the manner above stated. 

b. Heterogeneous fragments. — (Gold and silver ores, 
many copper ores, coal with slate and pyrites, etc.) 

a. Sampling hy the crossing inetkod,.' — AATicn the grains 
are too dissimilar and too coarse, the entire heap is broken 
up. The broken fragments (as large as a walnut for less 
valuable ores, and about the size of a hazelnut or bean 
for the more valuable) are passed through screens or 
cylindrical sieves. An oblong or square heap, 30 to 40 
centimeters (about 12 to 15 inches) high is then formed. 
Ditches about 20 to 30 centimeters (about 8 to 13 inches) 
wide, and crossing each other, are dug out with a shovel, 
and the samples are then taken by digging them out 
from the top down to the bottom of the squares, which 
remain standing between the ditches. These samples are 
comminuted to the size of millet-seed, thoroughly mixed, 
and formed into a new rectangular heap, which is again 



' PrensB. Ziscbr. x 
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nrossed, and samples taken from it in the manner stated, 
this operation is repeated, finally by using the spoon, 
ntil the samples are reduced to a powder. (Method in 
Jie great ore markets of Swansea and Liverpool, for 
ll^merican silver ores in the Upper Harz and in Freiberg, 
so.) 

/?. Sampling hy dropping the ore? (Stiirzprobe.) — The 
fere is dropped through a funnel standing over a pyramid 
bf sheet iron, which is divided into fouv divisions by pai'- 
titions projecting over the edge, into which the ore is 
distributed. The ore from one of the divisions is com- 
minuted and dropped through a funnel into a similar 
Lbut smaller pyramid. This operation is repeated, smaller 
Epyramids being used every time, until a sufficiently re- 
Iduced sample has been obtained (method in Chili and 
lolorado). 
2. Small ore and pulverized suhsiances. 

Sampling while weighing. — The small ore must be 

refnUy mixed, and, in case it should be rich, it is best 

s have it in such a condition that not over 15 per cent, of 

ioarse material will remain behind in passing it through 

, sieve having 10 meshes to the square centimeter (25 

Kieshes to the inch), but, otherwise, it may be coarser, 

(t is generally weighed in quantities of 50 to 100 kilo- 

■ammes (say 100 to 200 lbs.). Three spoonfuls are 

taken from different places of every lot weighed, and 

placed in wooden troughs standing near the scale. All 

the samples taken from one lot are mixed together and a 

heap is formed from them. This is reduced by quarter- 

pg, or by the crossing method.^ 




Prenas, Ztschr, xiir. 49. B. u. h. Zig. 1873, p. i 

1878, XIII. 606 iColorado). 
Kerl, Uberliarzer Huttenprocesse, 1860, p. 195. 



! (Chili). Ann. d. 
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Samples or goldsmiths' sweepings (scrapings, fragments of cruciblm 
rags, etc.) ure laken by incinerating the entire mass in order to d 
slroy organic matter. The mass is then comminuted by stamping a 
trituration, and passing it through a sieve having meshes the size of nl 
grain of sand (less than 1 millimeter, 0.030 incft). The iron in thsl 
coarse masfl remaining in tlie sieve is extracted Ity using a magnetos 
and tiie residue fused witii sodti and borax, cast into a bar, vt 
and sampled by chipping from top and bottom. The )>or(ion that liaa 
passed through tlie sieve, freed from iron with llie magnet, is then 
weighed, sampled from every weighing, then united, quartered, and 
triturated until everytiiing passes through a very line sieve. It is 
llien assayed, and the yield of metal obtained from both coarse and 1 
fine material is calculated. 

h. Sampling hefore weigldng. — This is done by passing-l 
with a hollow sheet-iron cylinder in several [jlaces through.-] 
the heap down to the bottom. The lower end of theJ 
cylinder is provided with a valve which when closed i 
tains the charge, and with a handle. The samples an 
then mixed and reduced as above described (Freiberg). 

In some of the German smelting works, the ore,' when T 
it is bought, is weighed 

to within 10 lbs. (6 kitog.; 11 lbs,} when it contains up to 0.5 percent. A^ 

or 0.01 percent. Au. 

" 1 lb. when it contains over 0.!5-5 per cent. Ag, or 0.0105-O.f 

" 0,1 lb. when il contains over S-'iO per cent. Ag, or 0.1005-1 



" 0.02 lb. if il 

" 10 lbs. if the ores coutalu nil gold or silver. 

3. Substances in a siaie offiiMon. — An average sample 
may be obtained in the following, manner: A dry tapping- 
bar, previously heated, is held in the fluid mass (slag, 



' Beznliiungstarife lllr (Ten Einitavif von fremden Erzen u. Gekratzen auf 
den flscAllsclien Huttenwerken hei Freiberg. Ckuslhal, 1S~0, Oestr. 
ZtBcbr. 1869, No. 44. Engl. Standard f. Zinnerze, B. n, h. Ztg. 1883, p. 
2B1 ; f. Kupferer/e, 1862, p. 310. Spanisciin Tarife, B. u. li. Zlg, 1868, p. 
S6, Tarnowitzer Erataxe in Prciiss. Zlschr. xiv. 317. 
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etc.). When the bar has become cold, the adhering mass 
is broken off, comminuted, and then mixed and reduced. 
In this operation, however, the iion must not decompose 
the fused material (a possible separation ol' lead may 
occur, for example, from lead- matt and lead spciss). 

jB. Alloys. — These are homogeneous when in a fliud 
state, especially after they have been stirred. , But when 
solidified, they show a different composition in diiferent 
places (edge, centi'e, top, bottom).' In sampling, this 
must' be taken into consideration, 

1. Sampling hy cutting. — The sample (2.5 grammes 
(38.59 grains) from every ingot of silver, 1.5 grammes 
(23.15 grains) from those of gold) is cut from the upper 
and lower sides on opposite ends of the ingot by means 
of a hollow chisel and hammer. (In Eugland and the 
United States, the opposite edges are chipped off.) The 
samples are hammered or rolled out, the resulting sheets 
cut into shreds, and each sample is assayed by itself (0.5 
to 1 gramme, 7.71 to 15.43 gi'ains, of each is weighed off 
for the purpose). The yield is calculated, and either the 
laverage is given (gold assays), or the lowest yield (some- 
f times in silver assays). This method is best adapted for 
I alloys of tolerably uniform composition, but is also em- 
' ployed for those showing a considerable difference in the 
[lower and upper sampling. 

For instance, the lower sample from refined Upper Harz silver is 

lAro '"^ To'ffu richer than the upper, the percentage of gold in- 

■'creasing towards the bottom. The centre, as a rule, contains more 

■"silver than tlie edge. In the ^^Jive-mark piece" the centre is yo^oii i''i''er 

I'than the edge, and the same is the case with the '^thaler," as they are 

stamped from a bar poorer on the edge than in the centre. For this 



■ Kerl, Ornndr. d. allgemeinen HSttenknnde, S Anfl., 1871), p. 15. 
Dingier, cciii. JOB ; cckv. 431, Ber. (1. dentach. chem. Gea, 1874, p. 1548. 
I B. u. h. Ztg. 1874, p. B3 ; 1875, p. 351. 
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reason, wlien taking samples from such coins, it is beet to cut on 
quadrant, cut offtlm corners, and aseay tbem. In this way tlie a 
eamples represent tlie composition of both periphery and ct^nlre of ■ 
bar from wliich the coins liave been stamped. Fewer t 
occur in gold than in silver coins. 

2. Sampling hy horliig? — This is done by bond 
tlirough the edge aud centre of the ingot. By this me( 
a sample is obtaiiu'd from the centre of the ingot, whii 
is not the case in chipping a sample, but the ingot 1 
made unsightly. It is very difficult to mix the bori 
uniformly, and it is therefore better to fuse them und^ 
covering of charcoal powder. It is best to use a mechaq 
cal contrivance for boring through thick pieces, 
consists of a lever weighted at one end, aud a drill, ope- 
rated by the hand in the centre. 

3. Sampling hy dipping. — This is obtained in the same 
manner as mentioned on p. '22, for instance, from refined 
copper. Another method of taking samples is, by dip- 
ping the curved, bright end of a pair of pincers, or of 
an iron rod, into the metal bath. AVhen the pincers or 
iron rod has become cold, the crust adhering to the end 
is broken off. A sample is generally taken from the 
surface of sil\er while it is being refined, and one from 
the under side of the congealed refined silver. 

4. Sampling hy granulation. — This sample indicates 
in the most reliable manner the average value of the 
metal. It is obtained in the following manner : the bars 
of precious alloys are smelted in a black-lead crucible. 
The mass, while in fusion, is stirred with a rod of iron or 
clay, and a sample is scooped up with a small ladle from 
the bottom of the crucible. It is then poured in a thin 
stream into a copper vessel filled with warm water, to 

I Mitchell. Prac. Assaying, 1868. p. 565. 
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Rrliiph a gentle rotary motion is given by means of a 
fThnoom ; or the sample is directly poured through a birch 
broom. The resulting granulated metal is then carefully 
dried. Alloys of base metal (as granulated lead') are 
fused under coal-dust and then directly poured upon an 
iron plate. 



The following »ample§ are taken for producing coins: 
from the metals to he iMoyed ; granulaled or crucible ta 
fused atloya ; ilort tample from sectors of the finished 

r-—iiy)fc from defective coins which have been tlironn ( 
ether, for instance inside of lour weeiis. 



ingot sample 
nple from the 
coins ; Htid a 
ut and fused 



3. PREPARATION OF THE SAMPLE. 



kroi 
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Alloys are prepared by rolling out and cutting up the 
resulting sheets ; or the granulated metal is used without 
further prei>aration. The following operations may be 
required for non-alloys. 

1. Delermination of moisture. — The sample is divided, 
by weighiog with reduced weights, into as many centners 
or kilogrammes as are actually contained in the lot (for 
instance, in Freiberg, 1 centner weight =75 grammes or 
1157.87 grains). The weighed portion is heated in an 

in or copper pan or directly in the removable scale-pan 

the balance, by holding it over a heated stove or a bm- 
zier of charcoal, and constantly stirring it until a cold 
l>late of glass or slate, when held over it, shows no depo- 
sition of moislure, and two successive weighings agree. 
The heating should be carefully conducted, so that, with 
sulphur compounds for example, no odor of sulphurous 
acid shall be developed, and. with organic substances, no 
carbonization shall take place (this may be guarded 



■ B. Q. t. 2lg., 1869, p. 278 (Brixlegg). 
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Fig. 1. 



against by holding a piece of paper in the mass). Water- 
baths are used for drying the sample at 100° C. (212° R). 

These are copper boxes, with double 
walls, the intermediate space (Fig. 1) 
containing water; or, they consist of 
hemispherical copper or enamelled iron 
vessels, placed one within the other, 
leaving an intermediate space for water; 
or of two cylinders, one placed within the 
other {Scheihler* 8^ steam apparatus). Where a determi- 
nate temperature, high or moderate, is required, it is best 
to use Freseniua* drying dish of cast iron, which is heated 
from below (Fig. 2). It is 25 centimeters (9.84 inches) 




Fig. 3. 




a 



^ 




in diameter, and 4 centimeters (1.57 inches) thick; 6 1^ 
the handle, 36 centimeters (14.17 inches) high; c ar^ 
small brass dishes with numbered handles fitting intc:^ 
suitable recesses ; cZ, a case filled with copper-filings fo 



1 Dingier, ccxxiii. 318. Muspratt's Chemie, v. 1635. 
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the reception of the thermometer e. Besides these, air- 
haths^ commonly called thermostats, are also used. 

2. Puloerising the demccaied mass. — This should be 
done carefnlly, to avoid loss of dust, either in a covered 
mortar, or on a flat disk of cast iron. 

3. Sifting. — Brass wire sieves are generally used in 
preference to hair sieves. For less valuable ores the 
sieves have from 14 to 20 *mc?hes to the square centi- 
meter (about 35-50 to the inch), and more valuable ares 
from 28 to 32 meshes to the square centimeter (from 
70-80 to the inch). Brittle substances will pass through 
the sieves without difficulty, but those with malleable 
admixtures will leave a flattened residue in the sieve; as, 
for example, ores carrying native silver and copper, silver 
glance, granules of lead in slag and thin matt, sweepings 
containing gold and silver (p. 22), etc. In case hard 
gangue (quartz) is to be sifted, the fine mass which has 
passed through the sieve is several times rubbed together 
"with the coarse residue remaining upon the sieve, until 
everything has passed through it. The residue of soft 
gangue is weighed and at once assayed by itself, and the 
fine siftings separately also, after they have been mixed 
upon glazed paper and passed several times through a 
coarse sieve. The entire yield is then calculated by add- 
ing the product of both together. The material ready for 
assaying is packed in wooden boxes, glass bottles, or small 
linen bags. Dishes of ordinary potter's clay (Mehlscher- 
ben) may serve for the reception of the stamped ore and 
lots of samples while they are weighed out for assaying ; 
tliey have an outer diameter of from 80 to 100 milli- 
meters (3.14 to 3.93 inches) on the bottom, 100 to 200 



' Bunsen's Liiftbnd init TemperatiirreguUtor in Kerl's Grundr. der 
EiaenprobirtiaDst, 1875, p. 3. Baulin's Warmeregulalor in Dingier, ccxivii. 
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millimeters (3.93 to 7.87 inches) on the top, and are from 
40 to 45 milhmeters (1.57 to 1.77 inches) high (Hongary ^. 
4. Washing. — This is done to separate specificaLLy 
heavier sabstances from lighter ones (roasted tin ore, gold 
graTel, etc.), or to obtain a imifonn grain (smalt assays). 
The mass, comminuted as fine as possible, is placed in. a 
beaker glstss and water poured upon it. It is then thoi- 
oughly stirred up, when it is allowed to settle, and tine 
turbid liquid poured off; or it is washed in Schulze's 
washing apparatus (Fig. 3) by allowing water to flow from 



Fig. 3. 




a Mariotle'a bottle. A, through d, upon the mass con- 
tained in the glass 1 ; the different sizes of grain wiH 
settle in the glasses 2 and 3, the finest grains in the 
beaker-glass B. Another mode of washing the sub- 



WEIGHING AND ME.\SUK1NG. *^) 

stances is by using a wooden vanning trough ( Figs. 1 uimI 
5X from 420 to 470 millimeters (l(>.53to 18.41 iiuhr.) 
long, 160 to 210 millimeters ((>.2i) to K.2(> wwUvm) wi<hs 

Fig. 4. KItf. 6. 





and 35 to 40 millimeters (1.37 to I.;i7 \ur\u',h) tU'A'.\t , ttf 
they are washed upon a shovd 400 mWWuwU.rtt (\it.li 
inches) long, and of the name uidfh ((lonti^U is- fit of hh 
ore). The washed mass should Ur /j/:/:a«iI//fi;i))y ^xau^iUfA 
with a magnifying gla.^ or hloHj/ijir: hm fy/ i^j- ifi$y,^hi 
characteristics ffor iru^tanr;^:, «til*»*rr or*r for ♦}*/ j/f^iy/,// '/I 
metallic sulphide*. ir.*:fr/-^*j js»r.<i ^r>^:!,j, U* o/O/ ♦// 
I'egulate the additf-oc. of >3i/: >475': •r/^r^r.^.i^y 

Before erer} m^-ijp-ii-x- *^i«*^ 'u.^.'^> 'a,jj^. > V-V/y: 
^ to itf ecuLilTirruii. 'J'l** *v'>-r>t.ri^> v, '> #^* ./;>/: 
should be coid. anc n:u.< ij^r '^ ;^i<.'>rc. c 'v-^rr. ^ >;/,-.. -i> 
5<^ale-pEL. but u^jL •unt'/j* •5ir<:.li**f ;*ter.- ^<,'jt..^^/,r.^^ • 

^^at 'iiefare fc nffi^rr ^ ,r:' -.iz's. /^ >:::. /•',< :: •.. • ^ ^.. 

^emmifrali} . a- ::.* - •;> ,-;.. *-r / v. ...^ ...^ 

AJie iuKtier un/r>s .>' *'V : ♦ ^ ^ -^r,^.^ :. - - ., 

^ IK3: icm*rr. *i. : •* ,\ .... • -^ -^. ... r*. ... .^.. y . 

WBHUfffetL liirr ^fc::^ •Ct:--:. ' >- ^ * ^ ..^ - ^; ,. 
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correct weighing may be obtained by placing the sub- 
stance to be weighed in one pan, and in the other pan, 
any convenient material as a make-weight, such as tinfoil. 
shot, granules of lead, etc., until equilibriiim is estab- 
lished. The balance is then raised, the weighed sub- 
stance is removed from the pan, and sufficient weights to 
counterpoise the balance are put in its place. The sum 
of these weights will give the correct weight of the 
sample. 

1. Weighing: a. A pulvervlent sample. — Thedriedsam- 
ple is poured upon glazed paper and spread out in spirals 
with tlie spatula. It is then drawn together towards 
the centre by radial bands. Some of it is now taken 
with the spatula from the bottom to the top of the heap, 
the weights are placed upon the left pan of the balance, 
and the sample is continuously poured into a counter- 
poised saucer or watch-glass placed upon the other ^lan, 
by gently tapping on the handle of the spoon, until equi- 
librium has been established. In case too much has been 
poured in, some of it is removed, but the balance, while 
this is done, must be arrested. Large quantities are 
weighed upon a umtch-crystal counterpoised by granules 
of lead or shot. Hygroscopic substances are conveniently 
weighed by filling a stoppered glass tube, 12 to 14 centi- 
meters (4.72 to 5.51 inches) long, and 8 to 1 millimeters 
(0,31 to 0.39 inch) wide, with them, noting the weight, and, 
after pouring out the requisite amount of sample, again 
weighing the tube ; the difference between the two weigh- 
ings will give the weight of the quantity abstracted. 

b. AUoys. — They are converted either into granulated 
form or into small strips or splinters. These are collected 
in a glass or copper saucer and placed by means of the 
forceps in the right pan of the balance while the weights 
are placed in the left. 
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c. Fluxes. — In weighing these, very great accuracy is 
'not of so much importance. They are placed either di- 
rectly upon the pan of the balance, provided it ia not 
attacked by them, or otherwise upon a tared watch-crystal. 

2. Weighing the button. — The button is taken hold of 
with the forceps and placed upon the lefl pan of the bal- 
ance, and the weights are then put upon the right ; but, 
as has been stated, the balance must always be arrested 
before the weights are put on or removed. 

Z. Measuring of fluxes. — Granulated lead (test lead) 
free from silver is measured with large, gauged, iron 

ions numbered on the handles, or with a glass tube, 
one end of which is closed with a stopper, while in the 
other is a wooden cylinder provided with a scale. 
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II The sample is poured either directly into the crucible 
■without any fluxes (as in roasting), or the fluxes are added 
in such a manner that — 

. 1. The sample lies on the bottom of the crucible, and 
the fluxes are placed upon it in consecutive order with- 
out stirring the mass up. ^Vhen this is done, the mass 
will not piiff up as easily when it is heated (charges with 
carbonaceous mixtures, for instance, assay of lead with 
carbonate of potassa, flour and iron). 

2. The sample is added to the fluxes already in the 
crucible, in cases where the puffing up of the charge on 
heating is not feared, and is intimately mixed together 
(fot instance, assay of lead with potassium carbonate). 

3. Tlie sample is mixed with the fluxes before it is 
placed in the crucible. The mixing is done in a mixing- 
scoop of copper (Fig. 6) by means of a spatula. The 



scoop is about 140 millimeters (5.51 inthes) long and 40 
millimeters (1.57 inches) wide. 




The mixture is poured into the crucible tlirough th^s? 
spout of the scoop, about 20 millimeters (0.78 inch wide) i 
a brush being iised to brush out the last traces of thes^ 
mixture ; or, in case a very vigorous chemical reaction i^^ 
desired, the sample and fluxes are first intimately rubbe(^^ 
together in a mortar of stone (porcelain, serpentine— : — ' 

agate), or of metal (steel, cast iron, brass). Open mixing- 

scoops of copper provided with a handle (Fig. 6a) ar^^S 
used for mixing the charge, or for receinng, in consecutives^^ 
order, the substances constituting it, or for pouring them 
into the glowing crucible standing in the heated furnace 
(assays of lead, English assay of copper). 

II. Chemical Operations. 

6. CLASSIFICATION. 

These operations are divided into those by the dry and 
those by the wet metliod, and arc either preliminary 
(roasting, etc.), or capital operations (smelting, etc.). 



7. WORKING BY THE DBT METHOD. 

These operations are carried on, either below the 
fusing point {Ignition, carbonizing, calcining, roagting), 
with or without admittance of air ; or at a fusing heat 
(smelting) ; or volatile substances are to be expelled by 
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teat and their vapors condensed to the liquid state {dis- 
f iUlaiio»), or to the solid state {siibUmaiion). 

1. Igjiiiion, cai-bonizifig, calcining.' — Heating without 



a. In a neutral atmosjthere, to drive out volatile sub- 

mces (for instance, water and carbonic acid from iron 

fires), or to change their molecular condition (for instance, 

annealing gold and silver alloys before rolling them out, 

etc.). 

6. With exclnsion of air in covered pots or crucibles, to 
decompose metallic sulphides and arsenides (iron and 
arsenical pyrites in the dry assay of blende), to effect re- 
duction (ignition of tin ore with charcoal), or to arsenize 
or dearsenize the substances (assay of nickel and cobalt). 

c. With admisdmi of air in roasting dishes (determm- 
ation of ash in fuel, combustion of bitumen in copper 
schist and black-band iron ore, oxidation of cement 

ipper, etc.). 

d. Wiik reagents for decomposing substances insoluble 
in acids (for instance, silicates with foin times their weight 
of a mixture of 13 parts of potassium carbonate and 
10 parts of anhydrous sodium carbonate in a platinum 
crucible). 

2. Roasting. — Metallic sulphides, arsenides, and anti- 
monides are heated in presence of air to a temperature 
insufficient for fusion, but which permits of theu- oxida- 
tion ; metallic oxides are, therefore, produced, while sul- 
phurous, arsenious, and (sometimes) antimonious acids 
are volatilized. ■ 

The process is a^ follows : The powdered sample is 
;ad out in a shallow, smooth roasting dish. This is 



sci 



.) Oaslampen in Dingier, ccxxiv. SIT ; ccxxv. 83 (Miincke). Preaenius' 
1879, p. 367 (Ebell). Bnnafinbrenner von Glsa in Dingier, ccxxvii 
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Fig. 7. 



about 5Q to 52 millimeters (1.96 to 2.0-4 inches) wide in^H 
the clear, and 8 to 10 millimeters (0.31 to 0.39 inch)^| 
deep, made of not too refractory clay, and has rather thin 
sides. It is lined with reddle, chalk, or oxide of iron, 
and, if necessary, in order to increase- 
the surface, the lined sides are marked^ 
with a spatula in such a manner that- 
radial furrows, running from thft^ 
centre towards the edges, are formed. It is then placed — 
in the muffle of a muffle-furnace (Fig. 25) and heated at- 
a gradually increasing temperature mitil it glows; thi?- 
heating must be the more gradual the more fusible the=- 
sample. {Antimonial and arsenical metals are more easilj- 
fused than metallic sulphides, antimony glance, lead sul — 
phate, and " fahlerz" containing mercuiy). The mouths 
of the muffle is left open, with the exception of a low^ 

layer of pieces of wood charcoal touching each other, and - 

continued in a forward direction. Tliese pieces in a glow — 
iug state heat the oxidizing air current. The roasting^ 
dish must occasionally be turned aroimd during the ope— 
ration. It is taken from the muffle when the mass ] 
ceased to bum, and oxidation is complete. This is irid 
cated by the heated mass ceasing to fume and no long 
emitting odors of sulphurous or arseuious acid, and by 
the metallic lustre having been replaced by an earthy 
appearance. If this should not be the case, the roasting 
dish must be placed back into the muffle until these signs 
make their appearance. The now roasted sample may 
be somewhat sintered together. It is th,en rubbed with 
the iron knob, b, of a wooden-handled spatula, after 
being loosened from the edges of the roasting dish witli 
the knife's edge, a, of the rod. This tool (Fig. S) is about 
195 millimeters (7.67 inches) long, and consists of the 
iron head i, about 16 millimeters (0.63 inch) diam., and 
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the steel knife-blade a, set in a wooden handle. The 
roasting is repeated once or several times, but the mass 
must be rubbed up previous to each masting. 
It is then mixed with 1 or 2 vohimes of pow- '^' ' 
dered wood charcoal, or 20 to 25 per cent, of 
graphite, and the roasting dish with its contents 
is again placed in the muffle and brought to a 
glow. By this process the sulphates, autimoni- 
ates, and arseniates formed during the oxidizing 
l>eriod are reduced to metallic sulphides, antimo- 
nides, and arsenides, while the volatile products of oxida- 
tion escape {reducing roasting"). These compounds when 
all the carbon has been consumed (which may be readily 
recognized by the manner of glowing) will be again con- 
verted into oxides; sulphurous, arsenious, and antimonioxis 
acids being evolved in the operation. But new sulphates, 
antimoniates, and arseniates will constantly be formed, 
and these, if the sample is to be roasted as completely as 
possible (for instance, copper ores, but lead ores in a less 
degree), can only be removed by repeating the rubbing 
up of the assay sample twice or three times, mixing it 
with charcoal powder, and glowing until the coal is com- 
pletely consumed, although even after this small quanti- 
ties of sulphates will nevertheless remain. When the 
roasted sample has become sufficiently cold, it is placed in 
an iron mortar aud mixed with 20 to 50 per cent, of am- 
monium carbonate, A small conical heap of the mix- 
tvire is formed in the roasting dish, this is covered with 
an empty roastmg dish and quickly ignited until the odor 
of ammonia can no longer be detected. When this is 
the case, the last traces of sulphuric acid in the roasted 
sample will have been volatilized in the form of ammo- 

Eulphate. (Lead and bismuth sulphates arc only 
jletely decomposed by ammonium carbonate.) The 
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roasting dish is now taken from the mnfile and allowt 
to cool off. The sample is then placed in a moi-tar 
rubbed up. 

Modificutions. — When the ores are refractory (for i 
stance, copper pyrites), powdered charcoal or graphite 
added 1o the sample before roasting, in order to shorteirr^i 
the time reqnired for the operation. Very fusible suW— 
stances which evolve vapors (such as ^^fnlihrz" contain— - 
ing mercury) must be heated very gradually. To diraiim_ - 
ish the loss of metal (for instance, of silver and gold) th ■^ 
temperature must not be raised higher than is absolutel"^' 
necessary. The loss from this cause is greatest with ores 
containing antimony, arsenic, zinc, etc. 

Z. Fusion. — The sample is brought into a liquid state, 
either by itself, or with fluxes. Dnring this process the 
resulting products (metal button or regulns, speiss, matt, 
slags) arrange themselves in layers according to their spe- 
cific gravities, and are separated from each other, either by 
breaking to pieces the clay assay-vessels in which they 
have been fused, after they have become cold, or they are 
poured out while still in a fluid state, uito iron or bronze 
moulds, where the separation then takes place. Some- 
times the fluid, oxidized substances are absorbed by the 
porous sides of the assay-vessel, leaving the metal button 
behind (cupellation of lead, and refining copper on the 
cupel). The following distinctions are made according 
to the object of the fusion; — 

a. Oxidizing fusion. — In this process the following 
may serve as oxidizing agents : the oxygen of the air, de- 
manding open vessels for the operation (cupels, calcining 
and roasting dishes), which must be heated in the muffle- 
furnace (for instance, cupellation of lead, refining copper, 
assay of cobalt and nickel) ; or fluxes yielding oxygen, 
and then open or covered assay-vessels (pots, crucibles). 
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and muffle, wind, and blast furnaces may be used (salt- 
pptce in the Coniisb assay of copper and in the assay ol 
chromium, lead oxide in the assays of fuel, silver and 
gold): or both at the same time (refining of black copper). 
The resulting oxides are more frequently slagged off by 
themselves or by solvent agents added as a flux (borax, 
glass, etc.), than absorbed by the porous vessel used for 
fusing (cupels). 

h. Reducing fusion. — This operation is seldom execu- 
ted by itself with reducing agents (coal, flour, colophony, 
potassium cyanide), but generally in connection with 
fluxes (potassium or sodium carbonate), in order to allow 
of a better collection of the particles of metal (as from 
litharge, white-lead ore) ; or in connection with reducing, 
fluxing, and solvent agents (borax, glass, phosphorus 
salt). A definite low temperature must then be used to 
reduce one metallic oxide, while the metallic oxides 
more difficultly reducible, are slagged off with the earths 
which may be present (assays of lead, copper, and tin 
ores). Muffle, wind, and blast furnaces are used. The 
vessels used for this process (crucibles, pots) should be 
roomy, as the mass puffs up. This is caused by the for- 
mation of carbonic oxide which ignites above the vessels. 
This phenomenon is called "fiaming" the end of the 
nation being generally indicated by its cessation, 
tf. Pun/ying fimrm. — This is more frequently used in 
BnectJon with oxidizing fusion (p. 36) and reducing 
km (p. 37) than by itself (assay of smalt, assay of 
latt). 

Precipitating fusion. — By this process metallic sul- 
phides (in assays of lead, bismuth, and antimony) or arsen- 
ical metals (in the assay of lead ores and nickel and cobalt 
^|t!8 containing bismuth) are decomposed by iron. The 
^■elphuration of the metals is promoted by suitable fluxes 



(potassium or sodium carbonate, black flux), or the slaj 
ging off of earthy and other admixtures is effected (boraXj 
glass, alkalies). 

e. Mixing /usio?^, to prepare alloys by fusing differen 
metals together (gold and silver in qiiartation). 

/. Hemelting, in order to produce the sample in another 
form (as, for instance, by granulation, p. 24). 

[f. Mgtiating fusion (liquation). — Liquation of easil^ 
fusible substances from more refractory substances (assa^ 
of antimony glance). 

4. Sublimatioji and diBtilladon. — The sample is placed, 
either by itself or mth fluxes, in crucibles, tubes, or re- 
torts, and heated until the substances volatilize, and the 
vapors are then condensed as sublimates (flaky arsenic, 
flowers of sulphur, realgar), or as distillates (mercury, 
zinc) in suitable condensers. 

8. OPERATIONS BY THE WET METHOD. 



Fig. 9. 



These may be — 

1. Assays by grammetric analyeia} 

a. The sample is dissolved in acids, in a porcelai 

dish covered with a watch-crystal. Or 

bellied flask is used for the p^^rpose (Fig. 9h 

This either stands upright and is providi 

with a funnel, or is placed in a slanting pa 

tion to prevent the liquid, in case it effe( 

yesces, from being thrown out of the mouth 

of the flask. The vessel may be heated on 



L 



' Itnmnielsberg, quant. Analyse, Berlin, 1803. Wohlcr, Mlnemlanalyse, 
Goltiiigen, 1861. SoiinenBcliein, qnant. Analyse, Berlin, 18B4. R»se- 
Finkener, Mineralcbemie, Leipzig, 1865. Freseniua' quant. Analyse, 6 
Aufl. 1871. Classen, quant. Analyse. Stotigari, 1857. Menschutkin, 
analyl. Chemie, Leipzig, 1878. Bolley, tcclin.-cliem. Unters., Leipzig, 
1879. M'wpratt's teclin. Cliemie, 3 Aufl. 
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a sand-bath, or upon a wire gauze over a lamp, until the 
solution is complete, or a residue showing no trace of ore, 
etc. remains. 

The following method is used for metallic sulphides, which, when rfiey 
are dissolved with acid^, separate sulphur which incloses some of the 
ore. The solution is evaporated to dryness in a porcelain evaporating 
dish. The dry mass is heated over a lamp until the sulphur is 
burned. The residue is digested with a small quantity of acid, water 
is added to this, and the fluid then partly filtered ; but in doing this 
great care must be observed. The residue is again treated with acid, 
evaporated to dryness, the sulphur burned, etc. If it is necessary to 
exclude the air, the apparatus represented in Fig. 10 is used. It 



Fig. 10. 



Fig. 11. 





consists of a flask, a, with a rubber cork, 5, and provided with a rubber 
tube, c d, having a slit at/, and closed at e by a small glass rod. 

b. Evaporation of the solution in a glass flask (Swed- 
ish assay of copper, assay of lead sulphate), or in a 
covered porcelain dish by heating it in the sand-bath, 
over a lamp, or on the water-bath. 



40 



ASSAYING. 



c. Predpitatioi} of the filtered or uufiltered solution ; or 
where a mass evaporated to dryness is to be treated, it 
is moistened with a little acid, allowed to stand for a few 
minutes, and then boiled with the addition of a small 
quantity of water. It is then filtered, etc. 

Kipp's apparatus (Fig 11) is well aJapled for precjpii 
sulphnretled hydrogen. 

C, a glaaa bulb, receives the diluted sidphuric acid from the funnel 
tube e ; tbe acid enters the glass bulb A through the tube 6. It rises 
in this and comes in conlact with ferrous sulphide or calcium mono- 
sulphide conlRiDed in the bulb 3, and the gas generated escapes 
by the tubulure c through the lateral lube controlled by the cock d ; 
the tubulitre c also serves for filling the bulb with ferrous sulphide j 
a is the tubulure for emptying A. 

Debray'a apparatus (Fig, 12) is arranged in the following manner: 
A is the vessel for the diluted sulphuric acid, provided with a safety 
*.ubu and a rubber tube a. B is a vessel containing a layer of gh 



it« 




splinters, piled up po high that the ferrous sulphide, lying upon it, is 
above the opening o rf is a glass tube provided with a clip (compres- 
sion slop cock) e, Cia a was h- bottle, / the pipe for couducling away 
the gas By opening the cock e the acid flows from A iuto B, and 
sulphuretted hydrogen is disengaged. By closing the cock the 
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forced back from B into A ; the pressure of the gas may be increased 
by placing A higher up. Instead of sulphuretted hydrogen, sodium 
hyposulphite may be used as a precipitating agent. 

d. Filtration. — A funnel, the sides of which have a slope 
of 60°, is generally used for this process ; a filter of paper 
is folded into it, and, if necessary, covered with a watch- 
glass. If the filtration is to be done quickly, the filter is 
connected with an air-pump,^ or compressed air is used.^ 
Fig. 13 shows a filtering apparatus connected at a with 
a water air-pump. The mouth of the flask is furnished 
with a rubber stopper perforated for the reception of the 



Fig. 13. 



Fig. 14. 





funnel. The dotted lines below this represent a perfo- 
rated test-tube, through which the liquid is drawn into 
the flask. The precipitate on the filter is washed^ by 
means of a wash-bottle (Fig. 14). 

e. Decantation. — When a precipitate thoroughly settles, 
the clear supernatant liquid may be poured off. The pre- 
cipitate is then repeatedly washed with water and decanted. 
To dry the precipitate, the contents of the flask (a glass 



1 Fresenius, quant. Analyse, 1871, p. 97. Fresenius' Ztschr. f. analyt. 
Chera. ii. 859 ; iv. 46 ; 1875, p. 808. 
« Fresenius' Ztschr. xvi. 93. Dingier, ccxxv. 81, 105. 
» Bunsen's Auswaschen der Niederschlage in Fresenius' Ztschr. viii. 174. 
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Fig. 15. vessel (Fig. 15) with straight sides), is washed'! 
into a crucible or evaporating [ 
little wash-water as possible (precipitated copper 
and gold, tin stone purified by boiling %vith 
acid); or the precipitate is filtered ofi^, and, if 
necessary, also the sediment remaining, after 
the water used for decanting has been poured off. 

f. Drying precipitates? — The filter,^ without being 
taken from the funnel, is covered ^vith pajier, to protect 
it against dust, etc., and dried in an air-bath, or a water- 
bath. Or, it is removed from the funnel, folded up and 
dried first between blotting paper, and then in a covered 
roasting-dish, in the muffie-fumace (assay of lead witl|.j 
sulphuric acid). 

f/. Ignitivg precipitates.^ — If the substance is not 1 
be weighed upon the dried filter, it is highly heated \ 
the filter in the roasting-dish after the lid has been i 
moved. Or, the precipitate is carefully detached from tbi 
filter ; the latter is folded up, wrapped around with pla* 
tinum wire, and is then burned over a flame or directljj 
upon the cover of a platinum crucible, or in a toasting 
dish. The residue, together with the ashes of the filtef^ 
is placed on a roasting-dish and ignited in a muffles 
furnace, or in a platinum or porcelain crucible over i 
Bunsen burner, an ordinary spirit>lamp (Fig. 16), or i 
blast-lamp. The latter is represented by Fig. 17. 
a partition separating the air-space u, from the gas-spi 
g ; e are five double-tube gas-burners, the inner tubes e 



' MQrrle, of Pforzheim, furaisbea diitilling apparatus and sand-'bB^ 
Tery anitably combined, with eteam and air drying closets (these are ii 
in Ihe Berlin Bchonl of Mines]. BestimmungderNiedersclilageobne ^Itlj 
ren, Auswascben und Trncknen in Fresenins' Ztschr. 1877, 167 ; 1879, p. I 

' Filtrirpapiere in Fresenius' ZlscUr. xvi. 59 ; xvlii. 346, 280. 

' Freaeuius' ZiBclir. 1873, p. 328. 
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l^vhich reach into », while the outer tubes only reach to 
%^ ; a is the pipe for conducting illuminating gas ; b for 
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the air-blast ; c the crucible. 
If necessary the cmcible is 
allowed to become cold by 
placing it in the desiccator 
(Fig. ITo), in which are 
fragments of caustic alkali, 
calcium chloride, or sul- 
phuric acid (caustic soda 
attracts water with the 
greatest avidity,next follow 

caustic potassa and calcium chloride in the order named). 
Tn the figure, a is a smoothly ground glass plate, with 
which ft, a bell-glass, makes 
an air-tight joint; e, cup Fig. i7a, 

with concentrated sulphuric 
'acid, and d, the dish or cruci- 
ile with the precipitate to 
dried, resting upon it. 
2. Aasays hy vohtmetric 
.al^Bis' (p. 17). — By this 

1 ScUwarz, MaasBannlyae, BrauiiEcliweig, ISRS und 1873. Bcliwertfeger, 
alyse, Regenabarg, 1857. Grager, MansBBnalyse, Weimar, 1666. 
Bf leiscliert Maassanaly ^, Leipzig, 1807. Fleischer, TitrirmeEhode, Leipzig, 
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method, the quantity of a substance in solution is deter- 
mined from the volume of a solution of another body, 
which prodiices with the first a definite reaction, and the 
strengtii of which [jer unit of volume of its solution is 
known (called a standard solution or normal solution). 
The result is then found by calculation from the quantity 
of normal solution employed. The final reaction^ which 
can sometimes be recognized only by a change occiirrii 
in another substance, especially added to the fluid {indi*} 
cator), may be known — 

a. In saturating a base or an acid with the noi 
solution (analysis by saturation), by a change of color, 
hy decolorization of a colored solution (assay of cop) 
with potassium cyanide), or by an indicator such as Utmi 
which is added for the purpose, as in the estimation 
acids or alkajine carbonates. 

h. In precipitating the body to be determined, with 
standard solution, when precipitation ceases (Gay Li 
sac's silver assay), or by some change in an added indica\ 
(Schaffher's zinc assay ; Pelouze's copper assay) ; and fre- 
quently also by the drop-test, that is, a drop of the assay 
fluid and of the indicating fluid are brought in contact upon 
a porcelain plate by means of a glass rod, or alongside of 
each other upon filtering paper, in such a manner that 
the edges of the drops run together, or by allowing a drop 
of the assay fluid to flow down over paper saturated ivit] 
the indicating substance, etc. 

c. In oxidizing or reducing the substance to be deter- 
mined by means of standard solution without adding an 
indicator, the final reaction will be recognized by the ap- 
pearance or disappearance of certain colors (chameh 






1871. Rieth, Tolumetrie, Bonn, 1871. Molir, Tiirirmethode, Braunso] 
weig, 1874. Muspralt's Clicmie, til. 107. 
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assay), or by adding an indicator (starch in the assay of 
copper, assays of manganese, etc.). 

The operations which may occur are as follows: — 

a. Solution, that is to say, bringing the substance to 
be tested into a state of solution as in 1, a (p. 38). 

b. Preparation of the standard solution, namely — 

o. By dissolving a weighed quantity of a chemically 
pure solid substance, and diluting the solution to a defi- 
nite volume, so that the chemical power of a unit of 
volume of the solution is known. These liquids are called 
normal solutions when as many grammes of the sub- 
stance have been dissolved and diluted to 1 liter (1.76 
pints) as are equal to the atomic vreight of the substance, 
and decinormal solutions when a quantity of substance 
corresponding to -^ of the atomic weight has been used 
ibr the solution. 

^. By dissolving an unweighed quantity of the solid 

substance and making an empirical solution by diluting 

it in a corresponding manner, that is to 1 liter (l.TfJ 

t). The titer of this is determined by allowing it to 

:t upon a measured volume of a solution containing a 

:nown quantity of the body to be determined, until the 

teactiou takes place. Tlie titer is then found from the 

volume of the empirical solution consumed. 

The standard (titer) of normal sohttions subject to 
chemical alteration must be verified from time to time. 

c. Measuring and titration of the assay liquid. — For 
this are required — 

o. For measuring, stoppered measuring flaslcs (Fig. 
8) divided up to a mark on the neck into 1, \, \ liter 
(1.76, 0.88, 0.44 pints) and into small divisions (200, 100 
cubic centimeters, etc., 12.2, 6.1, etc., cubic inches); a 
stoppered mixing cylinder (commonly called a test-mixer) 
i(Fig. 19), having a capacity of from one to two liters (1.76 
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to 3.52 pints), also divided into cubic centimeters. By 
means of this, fluids can be measured off, diluted, and 
mixed in definite proportions. Pipettes (measuring- 



Fig. 18. 



Fig. 19. 
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pipettes) (Fig. 20), divided into whole and ^ cubic 
centimeters ; and whole pipettes^ capable of holding a 
certain number of cubic centimeters up to a mark. The 
latter are used for transferring a certain quantity of 
assay fluid to a beaker glass, flask, etc. In doing this 
the lower end of the pipette is either held against 
the side of the vessel and the fluid allowed to run down 
on it, or it is held free. Stohmann^s siphon-pipette is 
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Fig. 20. 



Fig. 21. 



Fig. 22. 
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used for removing the clear supernatant liquid from pre- 
cipitates, or poisonous, bad-smelling liquids, etc. 
/?. For titrating, — Burettes^ for measuring the number 

1 Stender's glass manufactory in Lampspringe furnishes graduated glass 
vessels with graduation in red burned in with enamel. Konig^s Yentilbu- 
rette in Dingier, ccxvii. 184. Kleinert's Chameleon-burette in Fresenius* 
Ztschr. 1878, p. 183. Biirettenstative in Dingier, ccxxii. 465 ; ccxxix. 366. 
Fresenius' Ztschr. 1877, p. 82, 228. 
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Fig. 23. 




of cubic centimeters ot 
standard solution which 
have been allowed to run 
into the assay fluid until 
the final reaction is 
reached. For measuring 
assay and normal solutions, 
it is a very good plan to 
place two burettes in the 
same stand side by side. 
The burette represented 
by Fig. 22 (p. 47) is well 
adapted for all uses. It is 
provided with a glass cock 
a ; & is a glass cap to protect 
the liquid from dust; c c' 
are openings in it for the 
admission of air. Mohr*8 
burette is the simplest form 
of the apparatus, and has 
the preference over all 
others for general purposes. 
It is, however, riot to be 
recommended in cases 
where the rubber of the 
pinch-cock will be liable 
to act chemically on the 
liquid employed. (Fig. 23.) 
3. Assays hy colorime" 
trie analysis, — This me- 
thod is based upon the 
principle that equal vol- 
umes of solutions of an 
equally intense color con- 
tain also equal quantities 
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of coloring matter. By comparing fluids of an equal 
intensity of color, and taking the volume into considera- 
tion, a conclusion is formed as to the percentage of the 
coloring body which is contained in the one to be deter- 
mined. The same manipulations occur here as in assays 
by gravimetric analysis, namely, solution, precipitation, 
etc., and in addition comparison of the colored assay 
solution with standard colored solutipns contained in 
tubes or tapering glasses of known cross-sections, meas- 
uring the solutions in calibrated cylinders, etc. 

ni. Assay Furnaces. 

9. GENERAL REMARKS. 

The choice of an assay furnace will depend chiefly on 
the degree of heat to be obtained, and whether the sub- 
stances are to be oxidized or reduced, or only calcined, 
fused, sublimed, or distilled. Furnaces, accordingly, are 
divided into mujfle furnaces^ draught or wind furnaces^ 
blast furnaces^ sublimation fimiaces^ and distillation fur' 
ncices. In regard to their construction, they vary chiefly 
according to the fuel to be used (flaming or glowing fuel). 

10. MUFFLE-FURNACES.^ 

The principal part of this is the muffle (Fig. 24). It is 
usually made of refractory clay, sometimes, though rarely, 
of iron. It is open in front, and closed at 
tlie rear ; and the semi-cylindrical body is ^^»- ^^* 
often provided along the sides with draft 
orifices, as shown. It is either connected 

« Engin. and Min. Journ. 1878, No. 26, p. 443. Silliman, Double Muffle- 
Furnace, 1876, vol. xxii. No. 17. 
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with the bottom, or stands loose upon it. It serves for the 
reception of the assay clxarge. and is heated from the out- 
side by a glowing or flaming fire. These furnaces are 
absolutely necessary for o.\idizing processes (eaieining. 
cupellation, refining), but they are also adapted for opera- 
tions requiring only the production of a high temjif raturv 
(glowing, reducing, and purifying fusion, etc.), that is to 
say, when only temperatures not exceeding the fusing 
point of gold and copper (about 1200° C, 2192" F.) are 
required (they are, therefore, not available ibr assays ol 
cast iron), In the latter cases the fuel is not completely 
utilized, and besides, they are more difficult to attend than 
the wind and blast furnaces, where the crucibles, etc., 
placed directly in the glowing fire, or come in direct C 
tact with the flame. 

The furnaces are either hricheil in (for instance, large 
mnffle-fumaces for burning coal), or they are pmUthle 
In the latter case, the furnace for receiving the nuiffle 
constructed of fire-clay which is sometimes surroimde 
with a casing of sheet iron (mint fiirnaces). The woij 
connected with the mnfile-fnniace consists chiefly in I 
ing it, regulating the temperature (by reducing or urgi 
the fire, regulating the admission -of air, opening or < 
ing the mouth of the muffle, by removing or j 
fuel, etc.), in stirring the fire regularlj' (in doing this 
fuel must be piled chiefly upon the front part of the d 
and only a thin layer upon the hack part), in veTitila 
the grate frequently, in repairing (that is, lining defj 
places in the walls of the furnace, filling in of t 
the bottom of the muffle with fire-clay, or scrapifl 
bottom and lining it by strewing it with powdere 
clay, cupel ashes, chalk, pounded assay vei 
trodiicing and removing the assay vessels in thefl 
r the furnace after the work is finished 1 
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ing the glowing cinders from the grate and allowing tlie 
fire-door to remain open, etc. 




-\ccording to the kind of fuel used, we may di\idc 
^heminto — ' 

1- Furnaces for solid, fyee-hurning, flaming fnel. — 
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These are generally used with large muffles, and i 
such fuel the heat can be better regulated than in fumai 
heated by a glowing fire, but they require more carei 
attending them. Stoking is done from the front {Pled 
iier's furnace'), or from the back (Schemnitz, Pribram'). 
With the latter arrangement the operator, working in* 
front of the furnace, is not exposed to the direct heat, buL 
it also prevents him from giving immediiite attention ifl 
the firing should the assay require it. ^M 

Fig. 25 represents P/attiter'n m«0le-/umace for coal, with the stoke- 
hole in front, a, muffle of fire-clay, 36.fi eenlimetprs (H.+ inches) 
long, 17.6centiiiielerB (6.1)2 iuchts) l.igli, and 34.2 centimeters (14.17 
incbes) wide, witli an ascending slope of 2,4 centimetors (0.93 inuli). 
It rests upon the support b, imd three legs c ; d is ttie vault. There 
is a space of 4.0 centimeters (1.92 inches) between it and the waits of 
the furnace, e, the chimney, 14.7 centimeters (5.73 inches) wide, and 
3 to 4 meters (9.84 to 13.12 feet) high. /, mouth of the muffle, 12 
centimeters (4.72 inches) wide, and 14.() centimetem (5.74 inches) 
high, which can be closed by the fire-clay door ff. Another door 
h is used for covering a slit sometimes provided over tim muffle 
(for heating plates of metal, etc), but it is usually omiliej ; j is ibe 
grate, 20.8 centimeters (lO.Sfi inches) wide, and 51.4 centimeters 
(20.23 inches) long, 28.1 centimeters (ll.OC inches) below the muffle ; 
k, the stoke-hole, 22 centimeters (8.66 inches) high, and 26.8 centi- 
meters (10.55 inches) wide ; /, fire-door ; m, uah-pil, 70.8 centimeters 
(30.25 inches) long, and 26.8 centimeters (10.55 inches) wide; n, a 
channel, 22 centimeters (8.00 inches) wide, communi eating with the 
open air for conducting air under the grate through the flue a 
centimeters (3,85 inches) wide, which is provided with n damperfl 
r, ash-pit door, 26.8 centimeters (10.55 inches) wide, and 34.2 cet 
meters (13.46 inches) high. 

Figs. 26 and 27 represent a mv-ffie-fitrnaee with the aloke-holai 
the bact. a, muflie, resting upon the supports c iinil c' ; b, moutU 
the muffle ; d, front wall ; e, grate ; f, fire-door ; f, fire-box ; j, ] 
fractory lining; A, »', cliannet for conducting the external air benq 



ilEcb. Ingen, 1 



I Froiberger, Jahrb. 1842, p. 1. Zlsclir. dea Ve: 
Plate 13, rigs. 3 to 5. 
• RiUiiigur's Erfahr. 1857, p. 29. B. u. h. Zig. 1ST6, p. 353 ; 1876, p 
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the grate; k, damper; /, ash-pit door; /', asb-pit; m, fire-space sur- 
rounding the tnuflle ; m', chimney (it is better to place it nearer d), 
with damper n, n', and lerer o, for regulating the same ; p, brickwork 
of the chimney, with flues r, for carrying ofT the fumes coming from the 
mouth of the muffle ; q, hooping. 




2 Charcoal and coke furnaces. — Coke as a general 
rule requires a grate under the muffle, and a strong 
draught. With charcoal this arrangement is not so essen- 
tial, though in order to secure a more uniform supply of* 
air a grate is usually provided. The ashes from coke are 
more difficult to remove and attack the walls of tlie fur- 
nace more than wood ashes. Smaller furnaces of this 
kind are much iised for assaying gold and silver ; and 
also larger ones, in which the heat can be hetter regu- 
lated (the Schemnitz charcoal furnaces are of this con- 
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struction), and where the stoke-hole is in the rear, or the 
firing is done through two channels on the sides. 

Assay furnaces for charcoal. — Fig. 28 shows such a furnace. 
6, niuflle of fire-clay, 14 centimeters (5.51 inches) long, 7.5 centi- 
meters (2.95 inches) high, 9 centimeters (3.54 inches) wide, with walls 

8 millimeters (0.31 inch) thick," 
^^' ^' and resting upon two rails pass- 

ing through openings in the iron 
casing. The inside of the cas- 
ing is lined with fire-clay from 
15 to 20 millimeters (0.59 to 
0.79 inch) thick. In front of 
the muffle is a shelf of sheet iron 
resting upon the rails support- 
ing the muffle ; c is the mouth of 
the furnace through which the 
charcoal is fed, and the products 
of combustion escape into a hood 
or through a sheet-iron smoke- 
stack. The mouth of the muffle and the flues above and below it can 
be closed by dampers ; a, the cupel. 

3. Gas furnaces (coal-gas), — By using these furnaces 
the work can be carried on in a very cleanly manner, and 
the temperature can be very perfectly regulated. The 
gas is introduced cither by means of burners placed at the 
rear wall (Perrofs furnace, used in the Berlin School of 
Mines), or from below through four straight burners 
standing alongside each other beneath a slit in the bottom 
(furnaces o{ Lenoir and Forster of Vienna, used in the labo- 
ratory of the Schemnitz School of Mines, etc.), or through 
curved burners arranged in the form of a circle beneath 
the furnace (furnace of the Societe genevoise pour la 
construction d'instruments de physique a Geneve, used 
in the Berlin School of Mines). The oil furnaces of 
Andouin-Deville of Paris (using the vapors of crude 
])etroleum) are said to be cheaper in operation than the 
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gas furnaces just described. The oil trickles from funnels 
upon the hot grate-bars set obliquely and channelled. 
There it is instantly vaporized and burns. ^ 

Fig. 29 shows PerroVs gas mvjffle-furnace. a, muffle of fire-clay, 
with refractory coating and movable cover h ; g, /, g^ furnace walls 
of sheet iron with refractory lining; A^ burner, with chamber /?, 
into which coal gas enters at o, from the pipe m, provided with mano- 

Fig. 29. 




meter v. From here it passes through narrow channels into the 
burner-tubes q and r, which are provided below with openings furnished 
with valves t for regulating the admission of air; w^ w, the nozzles from 
which the flame passes through d into the space around the muffle, and 
escapes through the flue k into the chimney /, in which is a damper m. 
The chimney also receives, through the pipe «, the fumes which may 
escape from the mouth of the muffle. 



11. DRAUGHT OR WIND FURNACES. 

These consist — 

1. In case carbonized fuel (coke, charcoal) is used, of a 
round, rectangular or oblong fire-place, separated from 

* Ztschr. des Ver. deutsch. Ingen. xxi. 225. 




the ash-pit at the base by n grate, and provided with 
a fire-day or cast-iron cover or top-plate. A lateral 
flue connects the fire-place with 
the chimney. The fiimace is 
either bricked in (Fig. 3()) or is 
portable. In the latter ease, tlif 
body of the furnace is made ol a 
sheet-iron cylinder lined with 
refractory material. It is also 
a very good plan to set a furnace 
of this kind into brick-work. 
leaving an intermediate siiair 
between the two, in which e^se 
the usual binding with strap- 
iron may bo dispensed with. 
The cover or template over tlu- 
fire-place consists of two fire-tUes provided with some 
convenience for easily removing and re])lacing them. It 
is best to place a small carriage in the ash-pit for receiv- 
ing and removing the ashes (Berlin Scliool of Mines). 
The degree of temperature possible to attain, depends on 
the height of the shaft between the grate and tlie fine, 
the height of the chimney, and the quality of the fuel 
used (coke will give a higher temperature than charcoal). 
The temperature can be increased with the aid of a fine 
leading from the ash-])it into the open air, or by an nnder- 
grate blast, and is regulated by a damper fixed in the 
door of the ash-pit, or in the flue or chimney. The 
highest temperature is fotmd at about -t to 6 centimetei"; 
(1.57 to 2.36 inches) above the grate, which should be 
taken into consideration in placing the crucibles in thf 
furnace. 

The labor attending these furnaces consists of — 

(*. The placing of the assay vessels in the furnace by 
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Iiand. If it is necessary to look into them during the 
operation (assay of lead in iron crucibles, Cornish roasting 
assay of copper), they are placed in a hollow made in the 
fuel, generally coke^ or, if this is not required (assays lor 
lead, copper, tin, iron, etc., in clay crucibles), the asi^ay 
vessels are placed immediately upon the grate, leaving 
snfficient space between them for the necessary fuel, and 
in such a manner that the part of the vessel which is to 
be heated the strongest stands about 4 to 6 centimeters 
(1.57 to 2.36 inches) above the grate. If, therefore, ves- 
sels with feet are used, they must be placed directly upon 
the grate, while those without feet (crucibles) are sup- 
ported on a block or stand of tire-clay. 

h. Firing. — This, as a general mle, is done from helow 
by putting glowing coals between the assaying vessels, 
filling up the shaft with i'liel, and then gradually closing 
the top-plate of the furnace. But if the heating must take 
place very slowly, the firing is done from ahoee, by plac- 
ing the glomug coals on top of the fuel with which the 
shaft is filled. The fire, when the mouth of the furnace 
is closed, will then gradually work down, (In the Schem- 
nitz laboratory, the lateral flue is placed below the grate 
and the air required for combustion is introduced from 
above.) The temperature is regulated in the manner 
indicated on p. 56, and, if necessary, ftiel is added from 
time to time, but, before this is done, the glowing coal 
must be poked down to do away with empty spaces. 

c. Taking the vessels from the furnace, — This is done 
by lifting the vessels out at the top of the furnace, by 
means of crucible tongs (Fig. 47), either out of the coke, 
or from the grate, after the fuel has burned down, or, in 
the latter case, it may be more convenient to remove them 
gough an opening in the side (t in Fig. 30), but this 

tot be closed up during the operation of the furnace.- 







Eitliei' tlie contents of the (TnLiblcs are poured out andU 
the crucibles while still glowing placed back in the lur-- ' 
nacc and again charged from the mixing capsules (Fig. 
()) (assay of lead in an iron crucible), or the clay cruci- 
bles are allowed to cool off and are then broken up. ^ 

A i'uniaue for 10 lead assai/s ia 35.4 centimeters (13.93 inches^ 
high, 33.7 centimetre (13.2<i inclies) long, and 36.3 oentimeCere (14.39 
inches) widte. It has seven bars. The door of the ttsh-jiit le la.3 een- 
timelBrB (0.02 inclies) wide, and 14,2 centimeters (5.68 incheaj high, 
14.2 centimeters (5.38 inches) below the grute. The chimney is 
from 1.7J to 2.34 meters (5.74 to 7.C7 feet) high, with a. diameter of 
10 to 12 centimeters (3.93 to 4.72 inches). A furnace taperinj 
towards the upper end and intended for 1 lead nisay in h 
ble has the following dimensions : 18 centimeters (7.08 inches) wid^ 
12 to 14 centimeters (4.72 to 5.51 inches) high, with walls 6 ii 
meters (0.23 inch) thick. The asli-pit is 12 centimeters (4.7? ' 
inches) high, and 14 centimeters (5.51 inches} wide. For asiayt of 
copper, the sliaft of the furnace ia a few centimeters higher and the 
chimney from 1 to 1-5 meter (3.28 to 4.92 feet) higher than that for 
lead. The Cornish furnace for assays of copper is 40 centimeters 
(15.74 inches) high, and 20 to 26 centimeters (7.87 W 10.23 inches) 
wide. For iron assays, the shaft is 5.5 centimeters (21.65 inches) 
high, and 33 centimeters (12.99 inches) wide. The ash-pit is from 

29 to 30 centimeters (11.41 to 11,81 inches) high ; the flue 33 centi 

meters (12.99 inches) long, and II centimeters (4.33 inches) high ^^^ 

the chimney 10 to 12 meters (32.8 to 39.37 feet) high, and 20 cenii- 

meters (7.87 inches) wide. The dimensions of the furnaces used ir- ^ 
the Berliti School of Mines are ; for assays of lead, 20 centimeter s^ 
(7.87 inches) high, and 34 centimeters (13.38 inches) wide; tbraBsays 
of copper, 26 centimeters (10,23 inches) high, and 34 centimetec-s; 
(13.38inches)wide{forasBayaof iron, 35.5 centimeters (13.97 inches) 
high, and 34 centimeters (13.38 inches) wide, with a chimney 10 meters 
(32.8 feet) high, provided with a damper for regulating the draught- 

'2. Whul furnaces for freerburrdng {Jiaming) coal.- 

The assay vessels stand over the grate upon a tile of fir'-" 
clay in the same manner as in PlaHney^s flu'nace, escep* 

that there is no muffle. (Freiberg.) 



' B. u. b. Zig. 1S78, p. s 



DRAUGHT OR WISD fTRXACKS. 



59 



3. Wiit^ /urtMces for iUtttuinatiiig gatt.^ — These hir- 
laces are ea^T attended, the work can be carried on iu a 
ery cleanly manner, and at the same time with the 
neatest accuracy, as the assayer caa conveuiently look 
ato the crucible during the operation. 

Fig. 31 represents Jtrroft Jnmare. a, the outer slietl, with coi-er 
, and sight-bde e ; d, the crucible, upon a movable stand, e ; f, luner 

Fig. 81. 




lell, 9, pipe, witli manometer h, and cock i, for conveying gas into 
>^ annular chamber k, from whith it jtasses through the pipes /, 

' B. u. L. Ztg. 1873, p. 284 (Perrot) ; Dingier, ccvi, 860 (Wiessnegg) ; 
'Ingler, clxix. 330 ; cluxxix. 378 ; Oeatr. Jalirb. v. Hauer, 187S, p. 123 
SchlosiDg). Mitchell. Pract. Assaying, 1608, pp. 81 and 73. Hempel'a 
'tiBofi^ti mit OxydationsvorriclituDg, z. B. zum Abtreiben, in Fresenius' 
^Ischr. xri. 1S4 ; xviii. 404 (may be had of Desaga iu Heidelberg). 
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thnragh tiie annatftr opening m, into the innPr space at tke (i 
wbeTe flame plays around the crucible cF, and flnallj escape* il 
the up|>er opeaing oT the inner cbamber into the exterior a 
epace, mid is carried off below through the pipe h, leading lo il 
diiinne;; o, openings for admitting the air required for oombu^tie 
which is mixed in the pipes /, nrith the gas. The admiEsion of air 
regulated by a cut-off. ^ is a cup for ibe rttcepiion of anjr net 
which may overflow and e$ca{>e from the cmcilde. 

Wiettnegg't ga^ furniic«s are of simpler construction, and coofoi 
leie ^as. The flame plaj« around the crucible in the form of a s{ 
nil. By thii^mean^ air and gas are more intimately mixed, and higfa 
lempenuures can be obtaioed. The same result \6 attained in ScliP 
ing'sfamacc. The attainable heatofP«rro('«farnaceBaboiitl56li- 
(2840=^ F.). 



12. BLAST n:RN'ACES. ^H 

These are low CTlindrical shaft fiimaces, coDs£fnrted ot 
fire-resisting material, or of a sheet-iron cylinder lined 
with refractory clay. At some distance abore the hearth 
of the furnace, are one or several tuyeres symmetricallv 
arranged. The mouth of the furnace is provided with a 
movable sheet-iron- chimney. The furnace, in order to 
increase the temperature, is well supplied with air heated 
in the space between the two iron shells surrounding the 
shaft ( Sef Strom's furnace) or in a reser^ior below the per 
fbrated hearth of the furnace {Decilfe's furnace).' The 
hearth in Welch's furnace may be easily separated from 
the fiu^ace body.* The fuel used in these furnaces should 
be in lumps about the size of a walnut and uniform in size, 
A very high temperature can be produced in a shorter 
time, and with the consumption of less gloiving ftiel than in 
wind furnaces, but a certain amount of power is requirf^ 
for operating the blast (bellows, fan, Root's blower . 



' Kerl, ThonwaareaindDstrie, 1879, p. 65, 

• Dingier, cciiii. 15B. 

' Bool's blowers are well adapted for this 
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and the fire must be frfquentty stirred and fuel added. 
If only one crucible is used, it is placed in the centre of 
the furnace. But if more are phiced in the furnace at one 
time, each is placed at the same distance from one ol 
tiie tuyeres. B<i«<heHe8 furnace furnishes verj' higli 
temperatures; it has an oblong cross-section, and the 
tuveres are arranged alternately in rows, AtnnschaiVf<^ 
tjos blast fnrnare gives also ^erj^ high temperatures. Gas 
aud air mixed, are drawn into it by means of an ex- 
liaust fan. 

Fig. S2 ehowg SeftlrO'n'i/urnnce. ft in the space between two slieet- 
iron cylinders closed on top by ii. Tlie inner cylinder is lined witli a 
fire-resisting material, c (1 jmrt 
flay and 3 to 4 parts (jinirlz snnd). 
Tlie air eaters at rf, and, aiier 
having been beated in the inlerme- 
sjiace, ia eurried tlirough the 
lyen^B o. The dimensions of a 
fiimaee for six small iron cruciblea 
ire ae follows: 18 centinielers 
I 7.07 inches) in diameter; total 
height liirentimeters (5.9 inches) ; 
u collar 7 centimeters (2.75 inches) 
high, upon which sita the shi-et- 
iron chimney; width and height 
in the clear, 10.5 uen I i meters 
[4.14 inehes); thickness of the refractory li 
inch); diKlance between the two cylinderx, 
lers (0.47 inch), and 
manometer is phiced 







s2.5c 



riarger masses has iin annulur air-eonduil. 



imeters ((',D8 

he sides 1.2 cenlime- 

Ihe bottom 2.5 centimeters (0.98 Inch). The 

the exterior shell. Land's blast. I urn ace' for 



V These consist of a fire-space to be heated, for the re- 
fception of variously shaped vessels (tubes, retorts, boilers, 
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etc.) of clay, porcelain, glass, or iron, in which the sub- 
stances are heated without addition (as, arsenical pj-rites. 
iron pyrites, amalgam), or with fluxes (preparation ff 
realgar, separation of mercury from cinnabar, etc.). T1k'\ 
are usually provided with a receiver, cooled ofi', for con- 
densing the volatile products into solid bodies (sublima- 
tion), or to fluids (distillation). 

Fig. 33 shows a sublimation furnace, a are clay tubes tor the recep- 
tion of tlie aasay sample {as, for example, arsenical pyrites or inra 
and arsenical pyrites for the production of realgar) ; 
the BUblimatB (arsenic, realgar) ; c, tlie grate ; d, flues 



Fig. as. 



Fig. 34. 
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Fig. 34 represents a diiUltatioH fv.rnace. «, tube for llie reception 
of the ^ssay sample (for instance, gold or silver amalgam) ; e, gr.m- ; 
A, combustion chamber; jr, chimney; c, pipe for carrying off yaporri 
(of mercury) into the condensing pipe k, provided with a funnel ?, the 
edge of which is covered with a cloth q, upon vfhich cold waier flows 
from n, and overflows at o. — Or Fig. 35. a, a retort, with lubuluir 
6 ! c, receiver, covered with paper or clotb kept cool by water whicli is 

allowed to trickle upon it Or Fig. 36, if a more thorough coolinp 

off is required. A, a retort, from which the vapora pass througli i iniii 
the cooling-pipe a. This rests upon a stand g, and is surrounded by 
a sheet-iron cylinder, into whicli cold water passes through e. and is 
discharged at cf, while the liquid formed from Ilie condensed vapors 
is coUected in h. 
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64 ASSAYING. 



IV. Assay Vessels. 

14. GENERAL REMARKS. 

The form of the assay vessels, as well as the materials 
from which they are made, varies according to the object 
for which they are to be used. The principal distinction 
is, whether they are to be employed in the dry or wet 
method. 

15. ASSAY VESSELS FOR THE DRY METHOD. 

A, Clay vessels} — These are required to be more or 
less refractory according to the heat to which they are 
to be exposed (their refractory quality depends on the 
proportion between silicic acid and alumina and the 
quantity of fluxing agents — ferric oxide, lime, alkalies, 
magnesia — which may be present). They must allow of 
being suddenly heated and cooled without cracking (fat, 
contracting clay requires to be mixed with quartz, chamotte,^ 
graphite). The vessels should be corroded as little as 
possible by the substances heated in them, but, as a gen- 
eral rule, this can never be entirely prevented. (It may 
be done to some extent by making the sides of the cruci- 
bles thicker, or by giving a finer grain to the stuff of 
which ihey are made. This should be made as compact 
as possible, by mixing the clay with chamotte instead of 
quartz. The interior of the crucible should be made very 
smooth, and it should be fired in the kiln as strongly as 

' Kerl, Thonwaarenindustrie, 1879, p. 491. Percy, Metallurgy, vol. I. 
1875, p. 111. 

a [Chamotte is a mixture of unbumt fire-clay and dust of fire-bricks, glass 
pots, or seggars. — Translator.] 
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possible.) The vessels should further be very compact. 
This can be accomplished by giving a suitable grain to 
the mass, exercising great care in moulding and firing 
them strongly. The compactness of the vessels is tested 
by fusing metallic sulphides, such as galena, several times 
in them. They are made either by a plug and mould 
(roasting dishes and scorifiers, Upper Harz crucibles for 
lead smelting) or they are turned upon the potter's wheel 
(crucibles and larger melting pots). 

The principal vessels^ etc.^ are — 

1 . Vessels without feet, 

a. Boasting dishes (Fig. 7). — They are flat, smooth 

inside, not very refractory, 8 to 10 millimeters (0.31 to 

0.39 inch) deep and 50 to 80 millimeters (1.96 to 3.14 

inches) wide. They are used in the manner indicated on 

p. 34. 

b. Scorificatimi or calcining vessels (Fig. 37). — They 
hiave a thick bottom and sides, very smooth interior, and 
arc very compact. To avoid being cor- 

r<3<ied by lead oxide, they should be made ^^^' ^^' 

o£* clay mixed with chamotte. They are 

40 to 50 millimeters (1.57 to 1.96 inches) 

w^ide in the clear, 15 to 20 millimeters 

(0.58 to 0.78 inch) deep, with a bottom 10 millimeters 

(0-39 inch) or more thick. 

c. Refining dishes. — They have either the same form 

as the flat roasting dishes,, but are fire resistant and one 

edge is somewhat ground down, or they are made 

from fragments (Fig. 38) of crucibles (Fig. 42), and are 

then 70 to 80 millimeters (2.75 to 3.14 inches) long; or 

they are shaped like a flat saucer with feet. These are 

30 millimeters (1.18 inches) wide, with a total height ot 

25 millimeters (0.98 inch) (Hungary). 

6 




tl. CrncihJeit. — These are of various forms and siz 
large and small (Figs. 39 to 41). They are respective! 
32 and 45 millimeters (1.25 and 1.76 inches) high in the 
clear, and have-a total height of 39 and 52 millimeters 




(1.53 and 2.04 inches), a clear width of 33 and 43 milli- 
meters (1.29 and 1.68 inches), and are not very refractory. 
Fig. 40 shows a large and a small Cornish crucible for the 
assay of copper. They are very refractory. Their re- 
spective dimensions are : diameter on the top 80 and 68 
millimeters (3.14 and 2.67 inches), total height 84 and 
60 millimeters (3.3 and 2.36 inches). Fig. 41 represents 
a crucible for iron. This is lined by means of a wooden 
plug with charcoal powder 6 (this is lirst moistened with 
starch paste, molasses, or clay), or it is lined with a mixture 
of 90 to 95 per cent, retort graphite, 5 per cent, rosin, and 
some petroleum, and burned with exclusion of air. They 
are covered with the perforated lid c. They are 37 milli- 
meters (1.45 inches) high and 25 millimeters (0.98 inch) 
wide, and, after they have been lined, respectively 22 * 
millimeters (0.86 inch) and 10 millimeters (0.39 inch). — 
They are very refractory (Hessian pots). The Frencle^ 
pots are especially refractory and smooth inside. 

Graphite crvcihles are made of graphite mixed witt^K 
clay. They are very smooth inside, and very refractory 
Those used in Cornwall for assays of tin are i. 



s SOmilL^t 
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meters (3.14 inches) wide on the top, and 50 milliraeters 
(1.96 inches) on the bottom, have a clear height of 74 
millimeters (3.91 inches), and a total height of 90 milli- 
meters (3.54 inches). 

So<tp«ton€ crucibles, if gradually heated, are adapted 
for all smelting purposes. They are infusible, not affected 
by alkalies, and become harder by burning. 

2. Vessels tcilk feel. Crucibles for ktid aitd copper 
melting («, Fig. 42). — The latter are more refractory 
than the first. They are 25 to 32 millimeters 

(0.98 to 1.25 inches) ^videon the top, 40 to 50 *''«' *^' 
millimeters (1.57 to 1.96 inches) in the centre. 
13 to 85 mimmetcrs (3.26 to 3.34 inches) 
h in the clear, with a total height of 110 to 
20 millimeters (4.32 to 4.71 inches). Some- 
Lines there is a depression in the bottom for 
reception of the regulus, and the foot, when 
ken off, may serve as a cover. 

Fig. 43 shows a crucible for smelting iron, lined with 

iwdered charcoal (see above). These crucibles are 45 

ilimeters (1.76 inches) wide, and 55 milli mp- 

^^ers (2.16 inches) high in the clear, with a total ^'^- ^ - 

height of 90 milUmeters (3.54 inches). [ipl 

3. Other cluji vessels. — In this category be- l^^J 
long miifffes (p. 49), retorts, and (uhes. /_S 

B. Wrtntghf-iron vessels. Crucibles for assat/ 
lead, with or teithovt lip. — These are from 8 to 1 2 centi- 
iheters (3.14 to 4.72 inches) high, and 5 to 8 centimeters 
( 1 .96 to 3.14 inches) wide. The sides are from 10 to 12 
millimeters (0.39 to 0.47 inch) thick, and the bottom 
from 2 to 3 centimeters (0.78 to 1.18 inches). Other iron 
Vessels used are, tubes and retorts, and cast-iron mvffles. 
C. Vessels of hone-ash : Cupels (Fig. 44). — They are 
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Fig. 44. 



Fig. 45. 



made cither of bone-ash alone, or with an addition ot 
a little wood-ashes, or pearl-ash, to the water 
used for moistening the bone-ash, which addi- 
tion decreases their power of conducting heat. 
The bones are burnt white throughout, are then 
powdered and washed. The dried powder, which should 
be about as fine as coarse wheat flour, is used for the 
principal mass, while a finer flour is reserved for a final 
coating. The cupels are formed by filling and driving the 
prepared bone-ash into a mould made for the purpose 
(Fig. 45), B, the pestle; A, the mould; or they are 
pressed,^ Ordinary Freiberg cupels for ores consist of 
3 volumes soap-boilers' ash, and 1 
volume bone-ash. Their outer diame- 
ter is 35 millimeters (1.37 inches), di- 
ameter in the clear 24 to 25 milli- 
meters (0.94 to 0.98 inch). They are 
10 to 12millimeters (0.39 to 0.4T inch) 
high in the clear, with a total height of 
18 millimeters (0,7 inch). Fine or 
mint cupels consist of 2 volumes soap 
boilers' ash, and 3 volumes bone-asli. 
Their total diameter is 26 millimeters 
(1.02 inches), with a clear diameter of 
18 millimeters (0.7 inch); their total height is 14 milli- 
meters (0.55 inch). Cupels in order to be perfect should 
dry very slowly, and be thoroughly ignited before they 
are used. They should be white, and, besides a certain 
degree of solidity, should possess the requisite porosity 
to absorb litharge (when taken up with the tongs they 
must not crumble, but it shoidd be possible to crash 
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them with the fingers). They must neither undergo any 
perceptible change, nor crack, when exposed to a white 
heat, and should develop no gases and fonn no chemical 
combinations with the substances fused in them. When 
too soUd they crack easily, absorb the lithat^ too slowly, 
cupellation being thereby prolonged, which causes a loss 
of -silver. If, on the other hand, they are too ^lorous, 
they absorb too much silver and gold with the lead ox- 
ides. (A loss of metal can never be entirely avoided in 
the assay.) , 

D. Vessels of t^her materials. — Cupels in the form of 
a prism about 2.5 centimeters (0.98 inch) high and -t 
centimeters (1.57 inches) thick are chiselled out of char- 
coal, or turned from hard wood and then carbonized. 
Coli'e cupels are made of powdered and sifted coke, which 
is kneaded with liquid pitch. The stiff mixture formed 
after the mass has become cold, is pulverized, and some 
more powdered coke added to it (I parts of coke to 1 part 
of pitch). The entire mass is then passed through a hair 
sieve, heated, and stamped in a cupel-mould about '2.5 
centimeters (0.98 inch) high, with a diameter of 3.7 
centimeters (1.45 inches) on the top and 3 centimeters 

11.18 inches) on the bottom. The finished cupels are 
ben ignited, the air being excluded during the opera- 
r 



16. ASSAY VESSELS FOR THE WET METHOD. 



1. For assays hy gravimetric analysis. — Articles of 
glass: digesting-flasks or matrasses, beaker-glasses, fun- 
nels, watch-glasses, wash-bottles, stirring-rods, retorts, 
t^ubcB, apparatus for generating sulphuretted hydrogen, 
etc. Of porcelain: crucibles, evaporatmg dishes, tubes, 
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etc. Of other materiaJs : forceps, crucible tongs, ' 
triangles, wire gauze, etc' 

2. For assays by volumetric analysis, see p. 43. 

3. For assays hy colorimetnc anali/ds. — Tapering 
glasses or tubes of a imiform diameter for comparing 
colors ; graduated measuring vessels of glass or porce- 
lain, divided into centimeters, ounces, etc; dissolving 



T. Balances and Weights. 

17. BALANCES. 



Qissoiv mg 
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Of these will be required — 

1. An ore balance, for weighing ores and the 
of base metals. This should be capable of carrying from 
30 to 50 grammes (1.05 to 1.76 ounces), and, with 5 
grammes (77.19 grains) in each pan, must be distinctly 
sensitive to an addition of 1 milligramme (0.015 grain). 

2. Bullion or bnHoii balance, inclosed in a case, for 
weighing gold and silver beads and alloys of precious 
metals. It should be capable of carrying 5 grammes 
(77.19 grains) at the utmost, and must distinctly turn 
with yi(f to 2^'ij- milligramme when both pans are loaded 
with 1 gramme (15.4:3 grains). 

3. An apothecary bnlajice, for weighing larger quanti- 
ties. It should be sensitive to 5 milligrammes (0.077 
grain). 

4. A rough scale, for weighing approximately larger 
quantities (fluxes, etc.). A grocer's scale will answer the 
purpose. 
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18. WEIGHTS. 



The following are used : — 

1, The gramme tcei'gJil, from 50 to 0.001 gramme 
(771.61 to 0.01.5 grains) ; for silver coins from 1 gramme 
(15.43 grains)^1000 parts to y^j part; for assays of 
gold &om ^ gramme (7.71 grains) as the unit ^= 1000 
parts to yjVir part- 

2. Centtier. — 1 assay centner ^ 5 grammes (77.19 
grains) (Upper Harz) or ^= 3.75 grammes (57.89 grains) 
(Freiberg) ^^ 100 pounds, which is dinded into 100 parts 
of pounds, or the quint, the smallest weight being + of 
the quint. 

In Aiitln'aa Btnelting works, elc, 
{154.38 grains), which is divided inio lOD parts, called pounds; 
the pound is divided into 32 loth, the loth into 4 quentchen, and this 
into 4 denar, the smallest neight being I denar — 0.195 milligramme 
(0.003 grain) — Engliih grain vieigkt. The unit is usually 1000 
grains (64.8 grammes). The smallest weight for gold tind silver 



'buttons is 0.001 grain. 
taken weighing 400 grains. 
ft»llow9: 1 ounce = 480 gra' 
the pennyweight).— J ffieri'ca* 
frmmmes (450.26 grains); 1 poi 
7000 troy grains (apothecaries 
Jupois; 2000 x 7000 = 
-480 grains troy 



S generally a sample ii 
The divisions of this system are ai 
IS =^ 20 pennyweights (24 ■ 
astay weight, 1 assay lon^=29.16fi 
id avoirdupois (commercial weight) = 
weight) ; 1 ton = 2000 pounds avoir- 
4,000,000 grains troy in 1 Ion avoirdupois; 
troy; 14,000,000-^.480 = 29,166 troy 



in 2000 pounds avoirdupoiei ; one fissay i 
milligrammes, therefore, 2000 pounds are to 1 assay ton 
troy weight to I milligramme (0.015 grain). If, for i 
assay ton yields 1 milligramme (0.015 grain) of gold or silver, the 
result will be 1 ounce troy in 3000 pounds avoirdupois without further 
calculation. 

^For general practice, it is far preferable to use the French metric 
eystJ^m of weights, instead of the arbitrary and varying German sys- 
tems. The simplicity and convenience of the American assay ton 
leaves nothing to be desired Translator.] 
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VI. Tools and Implements. 

19. GENERAL REMARKS. 

We will only consider the tools and implements re- 
quired for the dry method^ as those for the wet method ^ 
do not differ from those used in analytical chemistry 
(stands, forceps, crucible tongs, cork drill, etc.). 

20. FURNACE TOOLS. 

The following tools are used in attending the furnaces. 
Shovels with perforated blades for handling the fuel; 
large and small iron pokers and scrapers for cleansing the 
grate and muffle, poking the coal, etc. ; coal and ash sieves 
with meshes respectively 1 centimeter (0.39 inch) and 3 
millimeters (0.11 inch) wide ; iron boxes filled with wate 
for cooling the tools, etc. 

21. IMPLEMENTS. 

The following are required : — 

A, For preparing the assay sample. 

1. Samjjling. — Iro7i spoons having a diameter of 4 ce 
timeters (1.57 inches) ; shovels ; troxighs^ wooden hox^Sj 
etc.^ for the reception of the assay samples ; files and c(p^d 
chisels ; hollow chisels ; drills ; hollow cyli/nders of sh^et 
ircm for small ore ; magnifying glass^ etc. 

2. For drying the samples (p. 26). — Drying pans of 
sheet iron or copper; drying frames ; iron spatulas ; diry' 

* Neuere Gerathschaften in Fresenius' Ztschr. f. analyt. Chemie. 
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ing disk (Rsr- "iff^. "SfiV;; w>srwVi///*-x y^V. V.tj^ Ak^ '^- - 

3. For commm¥^mHif *W ^%ff^^*rf. \\s '*^;>. g^^-w.^-'v../ 
plaie and rnhher : tm^^^tfrs^ : %s^t/Au.^f*x ,• W'/HVi .■ '♦/■^'^ . 
common scissors ami /♦/ttlr v<Af^trj« ; ^l*'^v* v <\V^^< , i^v^,'< 
rwe, etc. 

4. For sifting. — A st^rios of Rinvr^ ot l\iMu '\^i* In IMU 
meshes to the inch, for Hiftinx mv^i {lu^i*«». »*!»• \ loix 
sieve, consisting of a rotnul tin linx, ImIm nlihti m 'i\h\h 
can be snugly fitted, is very n«<rfiiK m«» iti f^lM ifjy lltJ* (fill 
verizedore there is no diint If (lr«4ir^<li n flM ^/rv^f■ ^ffff fr/' 
made to inclose the wlirilf!, 

5. For trashing (f, UH), — /fz-n/f^r //////»/»//?; ij1rf«i^' ^vfrrr 
deR: krrjodlen running frofighs (Y\^. X, \i 7^F;, ^^<'* 

6. F^jr ifreighing^ — HfOJ^s f/tv^'^hs ^ifW f»rr/- r/^'r'r-/ fr^nn^" 
fer tishldiia: np '«nall wf^i^hN. m^^^l FA^ffz/rH. ''•^/' .>r»'''l ''r+h'*-?'* 
wicft) fttimt or hroaii poinf.^ ft'»r lifrinijf lvff*:;^^i« •'/'•':*/i^" nvl 
teavfer bnt&)n»ot' prwrvM** ^^nd v^^^ tsy^^-^W Ay/'/'*** ////y/Z/y 
>5^w>?^.. I>t cftnrimi*r#»r5 T.OK .n^h*^^, i*v^'/ ♦r>*i ^^/^-^'trr 
tjers^ flKTS" inch-j vviiip. na'.':n«/ ^n '^n#^ ^vf f .^p^fff'f^r , •/ 
cftntimetHrs I'KJH' :n«*h y^^^(^ ^,r.ni>i^ j •%/}-.,' f*»'* /';.'.^// 

hvtftffeft ; fifntf 'h»^t'^fMft tis* -infill jfm^^ ^r*^ .y'," /^'n^^ *"i/*:- 

'jldM tuh^^. ^mt* ''Tin ;n4i»rf -hMt 'i»/< !»/» j#T»/.^ T/ir/.' r***v, 
ti>r the rproTitinTV «t>"-hat'r cjs ^/ss.-r,i i/^ .<r- i^JiA^.- 
' f^f -^fithnh for iTsntitar#Ht .»^n ■ ^--z*'' -/•'•--' >*'■• 
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39.37 inches) long, and, for smaller furnaces, 50 to 60 I 
centimeters (19.68 to 23.62 inches). Scorification tougsi 




Fig. 4fi. 



with one arm forked, as shown in Fig. iGn, the horse- 
shoe part just large enough to fit the scorifier, 60 milli- 

meters (2.36 inches) long and -15 millimeters -^^ 
(1.76 inches) wide; crumble tongs (Fig. 47) for "^ 
wind and blast furnaces. Small assay plates o^'^' 
sheet iron, with handles. They are about 14 =* 
centimeters (5.5 inches) square, and are provided -• 
with 9 depressions each 28 millimeters (1.1 - 
inches) wide, in which cornets, simple weights of"^ 
lead (Bleischweren), etc., are kept. The follow- — 
ing implements are required for manipulations -* 
.. in the furnace during roasting, fusing, etc. : cm-ved 

jT^ sfirriiKj rods and spatuJas of iron; iron ladles, 

U^ tonga with curved tips (Fig. 46Zt) for taking hold — 

of cornets, buttons, etc. ; cooling iron (Fig. 48) 

The blade of this for large muffle-furnaces is 9 centi — 
meters (3.54 inches) long, 7 centimeters (2.75 inches> 
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Vn. Assay Reagents, 
22. reagents' for dry assays. 

According to their action they may be divided into — 
1. Efffnrijig ageiifs. — Cliarcoal in the form of powder, 
or of small pieces placed on top of the charge (assays of 
lead, copper, etc.), or of crncible lining (assays of iron); ; 
when it is generally mixed with other reducing agents -^ 
(potassium carbonate, sodium carbonate, etc.), because the ^ 
presence of a large percentage of charcoal without addi- — 
tions in smelting processes renders the charge more diifi- — 
cultly fusible. 

Ihwthred coke, anthracite, and graphite' may also be -^ 
used instead of powdered charcoal, but they are less ^ 
combustible. Rosin, fat oils, tallow, sugar, etc., were ^^ 
formerly also employed. Bltartratc^ of potassium (argol) ^ 
(KC^HjOfl), either crude or retined, jields considerable "^ 
carbon in becoming carbonized, and in consequence exerts -^ 
a vigorous reducmg etfect, but causes refractoriness. For ^^ 
this reason its percentage of carbon is reduced, if neces- — ~ 
sary, by mixing it in different proportions with saltpetre. — 
The mixture is poured into a red-hot crucible, placed — ^ 
under a well-drawing chimney. The mixture deilagrates-^* 
and emits empyreumatic vapors, when, by reason of a -— 
partial oxidation of the carbon, a mixture of potassium 
carbonate and carbon is formed. This is kuo\vn as hineh^ 
fiux. For vigorous reduction it is made from 1 part ot: 
saltpetre and 3 parts of argol ; for less vigorous, eitheir 
of I and 3J, or I and 2 parts respectively, .\nother flux: 

' Mnsprett's techn. CLemie, 3U Anfl. Bolley. Handb. der leclin. chem- 
UnlersachoDeen, 1876. 
• WerlbbeslimrauDg in Presenins' Ztscbr. 1875, p. 3S*. 
» WertbbeslinunDDg in Freaeniua' Ztscbr. Tii. H9. 
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containing potassium carbonate (witliont carbon), mostly 
witb undeeomposed saltpetre, and known as white flux, 
consists of 1 to 9 parts of saltpetre, and 1 part of argol ; 
gray flux has 3 of argol to 2 of saltpetre, A mixture of 
argol and saltpetre, before it is deflagrated, is called raw 

_ffax. As black flux, on account of its hygroscopic pro- 
perties, must be frequently prepared fresh, and this work 
is impleasant by reason of the evolution of bad odors, a 
mixture of potassium carbonate (or soda) and flour (starch . 
= CgH]oO-,), which is also cheaper, is used in preference. 
Usually 20 to 25 per cent, of wheat flour is taken, but 
for more vigorous reductions 3(t to 35 per cent, (for in- 
stance in assays of copper), and even as much as 50 per 
cent, (assay of tin). When this mixture is used, a sepa- 
ration of carbon, in a fine state of division, takes place, 
with the exhibition of a yellow flame of carburetted hy- 
drogen, caused by the carbonization of the flour during 
the fusing of the assay sample. The flame of the carbu- 
retted hydrogen must not be confounded with the hhie 

^fame of carbonic oxide. Mixtures of potassium carbonate 
(or of sodium carbonate) and coal-dust are less intimate, 
and their action is consequently less energetic than that 
of mixtures in which the carbon has been separated from 
organic substances in a very finely di\ided condition 
(tartaric acid, flom-). Pokissiujii cyanide, with 64,1 K and 
35.9 Cy, is an energetic reducing (also desulphurizing) 
agent, even at a low temperature (assays of tin). Potatf- 
mum ferrocyanide, \\.^e{Cl*i\, yields, on heating, a mix- 
ture of iron carbide, ferrous and ferric oxides, free carbon, 
and a small quantity of potassium cyanide. It has also 
rigorous desulphurizing action. 

; redlining j/oicer is estimated from the quantity ol 
1 which is yielded by fusing 1 to 2 grammes (15,43 to 
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30.87 grains) of the reagent with 60 grammes (926.30.J 
grains) of litharge and 15 grammes (231.48 grains) of' 
sodium carbonate or potassium carbonate. i 

According to Berthier the reducing power of the variousJ 
agents is as follows: 1 part hydrogen, 104; pure carbon, 
34.31 ; well-glowed wood charcoal, 31.81; ordinary wood 
charcoal, 28.00; tallow, 15 ; sugar, 14.5; kiln-dried starch, 
13 ; ordinarj' starch, 1 1 ; tartaric acid, ti ; oxalic acid, 0.90 ; 
black flux with 2 parts of argol, 1.40 ; black flux with 2 J 
parts of argol, 1.90 ; black flux with 3 parts of argol, 3.80 ; 
94 parts soda and 6 wood charcoal, 1.80; 88 parts soda| 
with 12 charcoal, 3.60 ; 90 parts of soda with 10 of sugar, 
1.40; 90 parts of soda with 10 of starch, 1.15; 80 parts 
of soda with 20 parts of starch, 2.30 ; crude argol, 5.60 ; 
purified argol, 4.50; pure argol (carbonized), 3.10; po- 
tassium binoxalate (salt of sorrel), 0.90; white soda-soap, 
16 parts. 

2. Oxidizing agents. — Saltpetre, KNO3, with 46.56 K^O, 
and 53.44 NjOj. It should be as free from sulphates as 
possible.— ity/tarjc, PbO, with 92.83 Pb, and 7.17 O, 
exerts an oxidizing efl'ect upon metals and metallic sal-j 
phides (scorification), as well as upon organic substances^ 
(assay of fuel). As generally used it is in the form of red 1 
litharge free from particles of metallic lead.^ It shouldj 
completely dissolve in acetic acid, and be as free from goldbl 
and silver as possible. When it contains silver, while lea* 
not adulterated with heavy spar, 2(PbC03) + Pb(HO)»l 
with 86.27 PbO, may be substituted for it. It is best to 
prepare this by the wet method (for instance, by that of 
Dietel, of Eisenach, which yields a product free from gold, 
silver, antimony, and copper). 
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According to BerlhieT, 1 part of the various melallic eulpliides re- 
tlie following qaantilies of litharge for its decomposition : — 



1.87 



10 to 1 



30 to 3.5 



PbS 
HgS 
BIS 

Sb,S, 
ZnS 
FeS 
SnS, 

Copper pyrilcB 
FeS, 
Ar,S, 

Litharge entirely free fTOni ulier can be prepared by ojtidieing the 

I purest Pattison or ViUach lead by cupLllation, or bringing such lead, 

|j after it has been granulated, into fused saltpetre, or by gradually 

I strewing charcoal powder upon litharge fused in a refractory crucible, 

whereby some lead will be reduced which, in sinking down, withdraws 

the silver from the litharge. 

3. Solvent agents, 

a. Acid ; such as powdered quartz ; powdered glass' free 
from arsenic and lead. It shotild contain 60 to 70 per 
cent, or more of SiO^, 5 to 92 per cent, of alkalies, 6 to 
25 per cent, of lime, 0.5 to 5 per cent, alumina, and its 
fusing point should be between that of borax and fluor- 
spar, or about 1200° C. (2192° F.). Borax, Na.BA + 
lOH^O, with 16.37 Na^O, 36.53 BOg, and 47.10 H.O. It 
should be completely dehydrated, or in the condition 
known as horax-glasa. This is produced by fusing borax 
in a clay crucible, and then pouring it upon a bright 
metallic surface. It is more fusible than glass, and the 
boracic acid forms combinations with nearly all the bases 
as well as with siUcic acid. Salt of phmjihont^ (wdiutti' 
ammoniiim-hydrogen pkoBphate), or microcoamic salt. 



' Analyses of QUbh, in Poggendort's Ann. 1679, vol, 0, p. 431. 
CCXXiil. 348 (Weber), 



80 



NaH(NHOr + 4HA with 14.90 Xa^O, l-2.4e XH,0, 
4.29 basic water, and 34.3*2 water of crj'stallization, 
34.03 FjOs. In the auhydrous condition it is a i 
energetic solvent agent than borax (assays of cnpreoi 
nickel). Clay, such as kaolin, Al^Si^O., with 46.41 
SiOs, 39.68 AlA, 6.96 HjO, and 6.96 aq.-. burned China 
clay contains 5381-02 and 47AljO,. Most varieties 
clay contain over .50 per cent, of silicic acid. 

h. Basic ; such as potu^sium carbonate, KjCO,, w 
68.09 KaO and 31.91 CO,. It should be as free as possi 
ble from sulphates, and, when mLved with carbon 
hUich flux (p. 76), and with flour (p. 77), is a vigorou 
reducing, fluxing, and desulphurizing agent. Sodi 
airbonale, NaaCOg, with 58.58 Xa,0 and 41.42COa, ad 
somewhat less energetically than potassium carbonate, and 
consequently a larger quantity of it must be used. It is 
less deliquescent, more fusible, and cheaper. A mixture 
of 13 parts of dry potassium carbonate and 10 parts oL 
calcined sodium carbonate, furnishes a flux very easilyj 
fusible. — Caustic nfkah'es act more energetically than 
carbonates, but exert a very injurious efl'ect upon the cru- 
cibles. — Calcium cof6onfl(e,CaC03,with 56.29 CaO, in the 
form of chalk (or calcite), may be used for smelting opeiyl 
ations at higher temperatures (for instance, in assays 
iron, Cornish assays of copper). — Fhior-spar (caldm 
^Mon'rfe), CaFl^, with 51.54 Ca, is more easily fusible thi 
calcium carbonate, and is especially effective for 
moving silicic acid. It readily fuses down with calcium 
phosphate, heavy spar, and gypsum, — Lend oxide (lith- 
arge, minium, white lead) readily fuses with silicic acid, 
the alkalies, and with most of the heavy metallic oxides 
but less so with the earths and alkaline earths. — Ferria 
oxide, FjOs, with 69.3 Fe (in assays of copper). 
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4. Precipitaimg or desvlpliurizing agents. — Iron in the 
form of iron filings (assays of zinc blende, antimony, and 
murcnry), and as pieces of wire 4 to 5 millimeters (0.15 
to 0.19 inch) thick, 6 to 9 millimeters (0.23 to 0.35 
inch) long, and weighing from 0.5 to 2 grammes (7.71 
to 30.87 grains) (assays of lead and bismuth). — Pofas- 
mim cyanide (p. 77) and jxttaadum fen-ocyanide (p. 77). 
The caustic aUmlies and carbonates (p. 80) decompose 
metallic sulphides. The metal is separated, and sulphites, 
hyposulphites, and sulphates of the alkalies together with 
alkaline sulphide are formed. The latter forms a sulpho- 
salt (for instance, with FeS, PbS, and CuaS) with one part 
of the metallic sulphide, which, as a general rule, can be 
decomposed with iron. Carbon promotes desulphuration 
(black Jinx, potasaiiim carbonate, and Jfour, p. 76). — Lead 
oxide (p. 78). — Saltpetre oxidizes metalhc sulphides, while 
the metals (siWer, copper, lead) are separated. 

5. Stdphurlziny agents. — Sulphur in the form of flowers 
of sulphur; or of iron pyrites (Cornish assay of cop- 
per). 

6. Concentrating Jinxes. — Lead in a granulated condi- 
tion (assay lead). It is prepared by rocking lead in the 
form of thick liquid paste in a trough well covered with 
chalk and then sifting the mass. It is also used in the 
form of sticks of the purest Pattison lead for alloying 
"with gold and silver. (Where the assayer is obliged to 
make his own granulated lead, as in sections where pure 
lead free from silver cannot be obtained, it will be neces- 
sary for him, after granulation in the manner above de- 
scribed, to sample well, and test about 30 to 50 grammes 
for silver by the scorification assay. In using this lead, 
the amount of silver contained in it must, in all cases, be 

E;he results obtained in making an assay.) — j 
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Siher^ for alloying with gold (quartation). — Gold for col- 
lectiiig copper (assay of nickel and cobalt). — Antimonjf 
{antimony oxide) and arsenic for copper (refining). — Cop* 
per oxide for tin. — Iron pyrites as a collecting agent for 
copper (assay of matt). 

7. Decompomn^ and volatilizing Jinxes. — Charcoal and] 
graphite for decomposing sulphates, arseniates, and anti 
moniates by roasting. — Ammonium carbonate (^Vi^^O^ 
for decomposing sulphates, especially copper sulphate, at 
red heat (p. ii5), but lees completely lead and bismuth 
sulphates. — Common salt (sodium chloride) NaCl, with 
39.66 Na and 60.34: CI, for the volatilization of antimony 
and arsenic in refining black copper according to the 
Cornish method, 

8. Air-excluding Jitixes (covering agents). — Decrepi- 
tated common ealt, as free from sulphates as possible, fuses 
easily, and, becoming very thin fluid, washes down parti- 
cles of metal adhering to the sides of the assay vessels. 
If volatilizes at a red heat. — Glasa (p. 79) in BertJiier'a 
assay of fuel and assay of matt. — Refined, slag from char- 
coal iron blast-furnaces (in assays of zinc). 

' Preparation, of pure lilver; Capreoiia BilTer or fine silver is diaaolved 
in pnre nitric add This la diluted wilh dislilled water, allowed lo Bland 
for Home time, and then filtered. The filtrate is Hti-ongly dilated, and clilo- 
ride of silver is precipitated by the addition of pnre hydrocUlorlc acid. This 
is washed by decantatiou and then boiled several times with diluted hydro- 
chloric acid, but after each boiling it siiould he washed with distilled water. 
The moist chloride of silver {3 parts) is mUed with dry sodium carhoimte 
(1 i parts) and with pare saltpetre (J part of the whole) The mixture is then 
dried in a porcelain dish and fused in a porcelain crucible ; or 100 parts of 
cliloride of silver are fused with 70 parts of chalk, and 4 parts of wood char- 
coal. (Mohr, Titrirmethode, 1874, p. 425. Presenius' Ztsclir. xiii. 176.) 
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23. REAGENTS FOR WET ASSAYS. 

The following are principally used. 

1. For assays hy gravimetric and colorimetric analysis, 
— Adds : hydrochloric, sulphuric, nitric, and acetic acid, 
aqua regia (nitro-muriatic acid). Bases and salts : caus- 
tic alkalies, alkaline carbonates, potassium chlorate, fer- 
rous sulphate, sodium sulphide, etc. — Metals for precipi- 
tation : iron in the form of wire-pins 30 to 35 millimeters 
(1.18 to 1.37 inches) long and 2 to 3 millimeters (0.079 
to 0.12 inch) thick, or in a pulverulent condition, for 
copper ; zinc in the form of such pins or of granules or in 
a pulverulent state,^ as a reducing agent for iron solutions, 
etc. ; copper (electrolytic copper is the purest) ; bromine^ 
for decomposing sulphurets, compounds of gold, etc. 

2. For volumetric assays: Potassium permanganate 
(chameleon), KMn04, with 29.8 K2O and 70.2 MugO;; 
sodittm sulphide ; potassium cyanide ; barium chloride ; 
potassium iodide^ free and with dissolved iodine ; sodium 
hyposulphite ; ferric chloride ; sodium chloride ; potas- 
sium sulphocyanide^ etc. As indicators : litmus tincture^ 
tincture of Brazil wood^ etc., for acids and alkalies ; for 
sulphur : the salts of iron^ nickel^ and lead^ and sodium 
nitroprusside ; for iodine : starch paste ; for iron oxide : 
potassium sulphocyanide^ etc. 



' Dingier, ccxxviii. 378. * Dingier, ccxix. 544. 

8 Fresenius' Ztschr. 1875, p. 324 (Rothholz). Bericht der deutsch. chem. 
Ges. 1876, p. 1572 (Fluorescein). 
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Galena (lead monosulphide) PbS, with 86.6 Pb ; ceru' 
site (lead carbonate) PbCOg, with 76.6 Pb; anglesite (lead 
sulphate) PbS04, with 68.3 Pb ; pyromorphite 3Pb3P208+ 
PbCl, with 76.3 Pb; croccdsite (lead cliromate) PbCr04, 
with 63.2 Pb; wulfenite (molyhdate of lead) PbMo04^ 
with 57 Pb. 

25. ASSAYS OF LEAD IN THE DRY WAY. 

The results of these assays are inaccurate, as the lead 
is Hable to slag off and to volatilize, which is promoted 
by the presence of other volatile substances (arsenic, zinc, 
antimony), and also by reason of a possible contamina- 
tion of the lead by other metals (copper, arsenic, anti- 
mony, bismuth). The highest yield which can be ob- 
tained from pure galena is 85.25 per cent., but in poorer 
ores the loss of lead may be 5 per cent, greater. The 
results are sometimes calculated to whole per cents., but 
more frequently from 5 to 5 per cent. 

The condition of the ore, whether the lead is sulphu- 
rized or oxidized, and whether the substance is pure or 



contains more or less of earths and loreign metallic sul- 
phides, will decide the choice of the assay method. 

I. SuipliHrized Siif)stances. 

A. Gelena, etc., loithout foreign metalUc siUphide9\ 
(ZnS, FeS, CujS, Sh^S,, As^Sa). — Pfecipitafiort aseay : the I 
assay sample is either decomposed by alkalies alone I 
(Upper Harz assay with potassium carbonate, assay with ] 
potassium cyanide), or together with metallic iron (in an | 
iron pot or clay crucible), with the following reactions: — I 

The lead sulphide is decomposed by the nlkniies at a comparaCiTely I 
low temperature (7PbS + 4K,CO, = 4Pb -f- 3(K,PbS,) + K,SO. + ' 
4C0,). The 9iiIpho-8«lt (K,PbS,), which otherwise would pass into . 
the flag, is either decomposeil by ironaCu high temperature, 3(K,PbS,) 
-f-3Fe=3Pb + 3(K,FeS,), or, as is the case in the Upper Hara 
uBsay with potasli, by a, suituble mdmission of air at a lower tempera- 
ture. By this process the K,S of the sulpho-salt is compleldy con- 
verted into K,SO,. but the FbS only partly into PbSO,, ao that, by 
increasing the heat, the still remaining PbS is decomposed by the i 
PbSO., as follows ; ( PhS + PbSO, = "2 Pb + -280,). In the first caw, 
the preseDce of cui'boii (blitck flux, flour, tartaric acid, etc) promotes | 
desulphurization. 

1. Mich galena {ivith Utile earths). 

a. Assay in an iron pot {Belgian assay). — This is the 
best method of assaying lead, as pure galena with 
Pb yields 8-4.25 to 85.25 per cent, of lead, therefore, with I 
a loss of but 1 to 2 per cent, and sometimes only 0.5 perl 
cent, of lead. It also permits the use of a larger charge, T 
and, the iron pot being a good conductor of heat, the I 
operation can be more quickly executed and at a com- f 
paratively low temperature. When large quantities of'^ 
earth are present, more slag will be formed, and conse- 
quently the resulting loss of lead will increase, accoi-ding , 
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to Percy^ at the following rate: 1.80 to 7.90 per cent. 
when the ore contains from 10 to 90 per cent, of calcium 
carbonate, and 1.18 to 3.5 per cent, when 10 to 90 per 
cent, of silicic acid is present. The sample is less fre- 
quently fused without any fluxes (Flintshire) than with 
alkaline fluxes. An addition of carbon (black flnx, flour, 
argol) checks the oxidation of the lead, promotes the re- 
duction of the lead carbonate and lead sulphate whjch 
may be present, and prevents the oxidation of the iron 
sulphide. The latter (oxide of iron) vigorously attacks 
the walls of the pot and retains particles of lead when 
the contents of the pot are poured out. Fluor-spar is a 
good flux for heavy spar. Silver and gold pass entirely 
into the lead, hut only traces of zinc and iron. Copper 
divides itself between lead and slag. A large part of the 
antimony passes into the lead, and "while a part of the 
arsenic volatilizes, very little of it passes into the lead and 
the largest part forms spiess with iron. 

50 gi'ammes (771.61 grains) of ore are placed in an 
iron pot previously heated to dark redness, in a coke fire 
in the wind furnace, or in a gas furnace. From 50 to 100 
grammes (771.61 to 1543.23 grains) of black flux or 
potassium carbonate with 15 to 20 per cent, of flour are 
added, then '2 to 3 grammes (30.86 to 46.29 grains) ot 
hoiux, and Anally a covering of common salt 5 millimeters 
(0,197 inch) thick. The charged crucible is then placed 
between the darkly glowing coal in the furnace. The 
latter is closed, and the temperature gradually raised 
in about five minutes to complete redness, and this is 
kept np until the contents of the crucible are in quiet 
fusion without foaming (three to five minutes). The 
granules of lead floating on the top should be submerged 



Ii. Ztg. 1871, p. ( 
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by means of an iron spatula or wooden rod. The furnace 
is then closed for a few minutes, after which the pot is 
taken out and allowed to cool off somewhat. Its contents 
are poured into a mould, which should have l>een pre- 
viously coated with graphite and heated. If tlie contents 
are poured out while too hot, a film of lead may remain 
adhering to the iron, and, if too cold, the lead will partly 
spread over the slag. The mould, after having been al- 
lowed to cool off, is turned over, and the hard, black slag 
is quickly broken off from the lead button to prevent it 
from becoming moist, as it would then not separate quite 
as well. The lead button is then washed mth hot water 
or diluted sulphuric acid, dried, and weighed. The slag 
is again smelted with some potassium carbonate and flour 
or black flux for about 10 to 12 minutes, and then poured- 
out. The time required for the fusion, counted fi.-oi» 
placing the ore into the pot to the first pouring out, i* 
from 10 to 15 minutes. The iron pots will bear from 4C 
to 50 operations. In many works lead maft free fron 
copper, poorer ores, and slag are assayed according to thii 
method. 

England? (Fiintahire) : 5(l0 grains (32.4 gmmmes) of ricli galena^ 
500 grains sodium carbonate, and fiO grains argol ; tor poorer ores 
350 grains of sodium carbonate, 150 grains bornx, and 50 grains argol. 
The ore is mixed in a mixing scoop with a long spout (Fig. 6a, p, 32), 
with three-fourths to four-fll'tlis of the quantity of the ftnx. The mix- 
ture is pushed to the front of the scoop, next to this the remainder of 
the Jlux is placed, and behind this the borax. The whole is then care- 
fully poured into the dark glowing pot and subjected to the fusing 
operalion mentioned above. In pouring out the contenla the slaj 
kept hack in (he pot by means of a wooden rod, and is again fused w 
20 to 30 grains of sodium carbonate and 5 to 10 grains of argol. The 
yield of lead from pore galena is generally from 84.25 to 85.25 per 
cent. The difference in the results of the assay is nearly the same for 

' B. u. h. Ztg. 1862, p. 242 ; 1871, p. 61. 
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the richest ores and those yielding up to 50 per cent., but is greater 
in pooriT ores. In Wales and Flintshire a yield of 7a to 82 per cent. 
Pb is obtiiined from pore galena by placing 10 ounces troy of the ore 
in a. covered iron dish and fusing it in an open forge Hre. — BUibtry in 
Carintkia t 50 gmmmeB (771.61 grain?) of ore, 2 tablespoonfuls of 
flux (3 parte of argol, 2 saltpetre, 1 borax), a cover of powdered glass 
(or common salt), smelling for 12 to 15 minutes, etc—Belgium: H) 
grammes (l-W.S'J grains) of galena with 28 grammes (432.10 grains) 
of sodium carbonate and 5 gmmniea (77. IG grains) borax, or 10 
grammes (154.32 grains) sodium carbonate and 10 grammes (154.32 
grains) argol — Tarnomiz : 50 grammes (771.61 grains) of ore, witli 
black flux, borax, and a covering of salt' resting upon a layer of a little 
black ftiix. The difference between the separate assays is not more 

than 2 per cent Meehemicb: 2r> grammes (38o.80 grains) of ore 

with 150 grammes (2314.8 grains) of borax and 100 grammes 
(1543.23 grains) sodium carbonate and argol in equal parts. For 
slag more borax, for lead matt more soda. 

h. Assoy iciih polassiiim cyanide in clay cj'vcihles. — 
This can be executed at comparatively low temperatures, 
and gives a good yield, but is more expensive than the 
foregoing. Besides, the potassium cyanide is poisonous, 
and adheres to the porous mass of the crucible which 
may uncover the lead button and effect its oxidation. 

The charge, according to Levol, is as Ibllows: 100 parts galena, 100 
potassium ferrocyanide, and 50 potassium cyanide with some sodium 
carbonate; according to -ffi'eieMs: 10 grammes (154.32 grains) of ore, 
20 to 25 grammes (308.65 to 385.80 grains) of potassium cyanide, and 
a covering of common salt. The charge is fused for 12 to 15 min- 
utes at a low iemi>eniture ; tlie yield is 78.5 to 7!).l per cent, of 

^p-2. Galena vdiJi more earths. 

^ht. Assay with hlach flux {potassium carhonate and 

^Rir) and metallic iron, in clay crucibles. — When the ore 

contains large quantities of earth, more slag is formed. 

This, if the contents of the crucible were to be poured 

it, would retain considerable lead, which will settle if 
i charge is allowed to cool off in tiie crucible. The 
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loss of lead is from 2 to 3 per cent. Deep crucibles (figll 
39, p. 66) are used for this purpose, and the charges ftisecl 
in a muffle or wind furnace. The work can be don^ 
more conveniently in the latter, and fuel will also heM 
saved. Should small quantities of metallic sulphides be 
present, it is well to roast the ore somewliat in a covered 
crucible to volatilize the arsenical sulphides, the sulphur 
from the iron pyrites, etc. Charge: 5 grammes (n.lftil 
grains) of galena are placed on the bottom of the crucible J 
upon this is put a piece of iron wire 4 to 5 millimeters 
(0.157 to 0.196 inch) thick, and up to 9 millimeters 
(0.354 inch) long (it should be longer or shorter accord- 
ing to the percentage of lead, that is to say, about 25' tOk 
30 per cent, of the weight of the ore). Upon this are place 
15 grammes ("231.48 grains) of black flux (or potassiurti 
carbonate with 15 to 20 per cent, of flour) and, in case 
of basic gangnos. 2 to 3 grammes (30.86 to 46.29 grains™ 
of borax. Upon this comes a covering of common i 
5 millimeters (0.197 inch) thick, and on top of all a piect 
of charcoal the size of a hazel-nut, for maintaining a 
ducing atmosphere. Tlie contents of the crucible i 
slowly heated in the muffle furnace until the yelloW 
ilame caused by the carbonization of the flour is no longei 
visible. The heat is then raised, and tongues of bluishj 
flames arising from the carbonic oxide will make theil 
appearance. The contents of the crucible should 
froth too strongly, and for this reason the firing must t 
done very carefully, especially when low crucibles are" 
used. When the " flaming" and frothing have ceased, the 
heat is still kept up for ^ to ^ of an liour to allow the 
sulpho-salt (p. 86) to become decomposed by the metallii 
iron. 25 to 30 minutes are required for fusing tha 
chaise. The sample, fuming strongly from the vapors a 
the common salt, is then taken out, allowed to cool o^ 
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and freed from slag. By hammering the lead flat, the 
iron adhering to it will fly off. The lead button, which 
is covered with iron sulphide, is then brushed and 
weighed. The success of the assay is indicated by the 
iron still adhering to the lead without this being wrapped 
around it (to prevent this, the iron wire should not be too 
fine), by thoroughly fused slag and a malleable lead but- 
ton. If brittle, it contains sulphur. The various assays 
must agree within 1 to 3 per cent, according to the rich- 
ness of the ore. 

Freiberg: 3.75 grarameB (57.87 grains) of ore, O.PS lo 1.1 3 grammeB 
(14.2 to 17.44 grains) of iron wire; 7.5 to 9.4 grammes (113.7 to 145 
grains) of black liiix or potaasium carbonate with Hour, 1.13 lo 1.5 
grammes (17.44 lo 2S.15 grains) of boras, and for basic gangue 2. "25 
to 2.fi3 grammes (34.73 to 40.C grains) of glass, and a covering of 
common salt, 5 milliraeterB (0.196 incli) tliiisk. The charge ia healed 

from f to 1 hour in the wind-furnace Pribram: 0.5 gramme (7.71 

grains) of crude argol is placed in the bottom of the crucible, upon this 
iron wire, then 5 grammes (77.16 grains) of galena, and 12 grammes 
(185.1 grains) of black Hux, and finally a covering of common salt. 
The chargii is heated from 20 to 25 minutes in a gently glowing wind- 
furnace until the fusing mass subsides. The fire is then urged on, 
when the assay will emit gas (boil) vigorously, and, when this is the 
ease, the firing is continued for 5 minutes longer. A difIt;rencB of 2 
per cent, is allowed in the assay of ores with to 50 per cent, of Pb, 
and 3 per cent, in tliose with over 50 per cent — England;' The same 
quantities of ore and flux are used as for assays in the iron pot (p. 87). 
The ore is placed in a Hessian crucible together with | to J of the 
flux, and a strip of wrought iron in the shape of a horse-shoe is pushed 
into the mass. The crucible is gradually heated, requiring from 20 
to 25 minutes, and during this time the iron is moved about several 
times. When the flus is thin fluid the crucible is taken from the furnace, 
the iron, which should be free from globules of lead, is removed, and 

e crucible allowed to cool. The contents is then poured out, and 



i button 
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galena, and the slug will also be coveted witli a lustrous film. 

yield of lead from (lure galena is from 82 to S3 per cent, of Pb 

Tork ! 10 gmtnmes (154,32 grains) of oi-e, 25 grammes (385.80 grains) 
of black flux, tliree loops of iron wire, wtiicli are taken out after tbe 
fusion is complete, and a covering of common stilt. The yield from 
pure galena is 78.4 to TS.fi per cenL, with a difference of 1 i 
cent, in the various assays — Upper Harti The nssay was fonneii 
conducted in tlie same manner as in Frtibtrg, but now iron pols a 
used. 

h. Upper Harz, aasai/ iPifh poUimum cnrhonnte. — 'M 
niuflle-furiiace is rpquired for this method of assaying:* 
• Low crucibles (Fig. 39) may be used, as tlie charge con- 
tains no carbon, and several crucibles can be placed in 
tlic muffle at one time. The result of this assay is i 
as accurate, the yield being somewhat less than with 1 
methods described above, as the success of the operatioi 
depends on tlie proper " cooling of the assay,*'' lor which 
there is no guide but experience. This method is there- 
lore chiefly available for uniform ores only, the approxi- 
mate yield of which is known. It has been almost 
abandoned at the present time. 

Charge: 12.5 to 15 grammes (192.90 to 231.48 grains) 
of potassium carbonate are placed in a small crucible 
(Fig. 39, p. 66). To this is added 5 grammes (77.16 
grains) of galena, and both are thoroughly stirred together 
with the mixing spatida. In case basic earths are pre- 
sent, 1 assay spoonful of borax is placed jipon the mixture, 
and upon this a covering of common salt 5 millimeters 
(0.196 inch) thick. The charge is then placed in the 
thoroughly heated muffle-furnace, where it remains, with 
the mouth of the muffle closed, until it has come into 
perfect fusion (that is, when no more deposits are per- 
ceptible on the edges of the crucible). To decompose the 
sulpho-salt by oxidation, the mouth of the muffle is thea 
opened for about 10 to 15 minutes, until the crucible ap- 
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pears dark and tlie vapors above it have greatly diminished 
or entirely disappeared (this is caJled cooling the assay). 
Thereupon the furnace is brought back to its first tem- 
perature, completely closing tlie muffle, in order to 
decompose the still remaining sidphurized lead by the 
sulphate which has been formed. The crucible is then 
taken out and allowed to cool off, and the lead buttons 
are freed from adhering slag. If the assay has been suc- 
cessful, the slag is completely fused, and the lead button 
has a pure lead color, bat not much metallic lustre, as, 
if this is the case, the heat has been too strong. — For ore 
containing aw^moji^ : 10 gmmmes (154.32 grains) of ore. 
35 grammes (540.13 grains) of potassium carbonate, 1 
gramme (15.43 grains) of saltpetre, and a covering of 
, common salt, 30 minutes are required for fusing, 10 
bainutes for cooling, and 10 minutes for the final heating 
^if the assay. 

3. Galena containing large quantities of earths. — The 
English method (p. 87) is employed with a strip of sheet- 
iron in the form of a horse-shoe, but stronger fluxes 
(caustic alkalies) are used, which, to be sure, attack the 
crucibles more energetically, and larger charges, as for 
instance: 100 grammes (1543,23 grains) of assay sam- 
ple, 100 to 150 grammes (1543.23 to 2314.8 grains) of 
caustic soda, 150 to 250 grammes (2314.8 to 3858 
grains) of potassium carbonate or sodium carbonate, strip 
of iron in the form of a horse-shoe 25 millimeters (0.098 
inch) wide, and 4 millimeters (0.1.57 inch) thick. From 
1 to 1| hours are required for perfect fusion, and until 
the iron is free from lead globules. 
K B. Lead monostilphide with foi-dgn metallic sulphides 
alena with zinc blende, iron pyrites, etc. ; lead matt, etc. ). 
11. Roasting and reducing assay. — The result of this 
jay is inaccurate, as the lead oxide is liable to slag off 
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and foreign metallic oxides to be reduced, the metal of 
which contamiuates the lead. For this reason the assay 
with sulphuric acid is frequently used instead (Bammela^H 
herg smelting works in the Lower Harz). 

5 grammes (77.16 grains) of ore are roasted in a roast- 
ing dish. This is mixed in the assay vessel with 7.5 to 
15 grammes (115.7 to 231.48 grains) of potassium car- 
bonate and flour, or black flux. Upon this is placed 1.25;. 
to 1.5 grammes (19.t>9 to 23.15 grains) of glass, thea| 
0.25 to 0.5 gramme (3.85 to 7.71 grains) of thick iron 
wire, upon this 1.25 to 1.5 grammes (19.39 to 23.15 
grains) of bqrax, then a covering of common salt, and on 

' top of all a piece of coal. By fusing the roasted charge 
in the muffle- or wind-furnace at not too high a tempera- 
ture, the lead oxide and lead sulphate are reduced (if the 
temperature is too high, many other metallic oxides are 

. also reduced), and the foreign oxides and earths contained 
in the sample are slagged off by the aid of the potassium 
carbonate in the black flux, as well as of the borax and 
glass. The heating should be done with the 
care, as the contents swell up very much. 20 to 
minutes are required for smelting in the muffle-iiim: 
after the '■'■flaming" in the muffle has ceased, and from 
15 to 20 minutes in the wind-furnace after the flames get 
under way. 

ITimgary: 10 grammes (154.32 grains) of roasted ore are clii 
wilii 11.5 grammes (177.44 gruins) of black flux, and this is CO 
with a layer of 1 5 to 20 grammes ("231 .48 to 308.(>5 graius) of 
mon salt. It is fused by keeping up a. strong fire under the muffle for 
half an hour. The yield is from 10 to 12 per cent. Pb less thiin from 
an assay with metallic iron. It will be larger if charcoal duet is added 
in roasting, but the button will be less pure. 
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L going processes, as the foreign metals are removed before 
I fusion, but there will be always a loss of lead in the last- 
■Hamed operation. 

5 to 10 grammes (77.16 to 154.32 grains) of the ore 

Fare ground as fine as possible. It is decomposed by di- 

S gesting it with nitro-muriatic acid {aqua regia) in a glass 

flask with straight walls (Fig. 15, p. 42). A few drops 

of sulphuric acid are added, and it is then evaporated to 

dryness. The dry mass is digested with diluted sulphuric 

acid, filtered, and washed. The filter is freed from water 

f between blotting-paper, and, with the residuum (lead sul- 

I phate and insoluble earths, clay, etc.), is dried in a roasts 

j ing dish under the muifle, and finally incinerated at as 

[ low a temperature as possible. The mass is then ground 

f'Up, and charged in a high crucible with 15 grammes 

lif2;Jl,48 grains) of black flux (I part saltpetre and 3 parts 

u-gol), and then with 1 to 1.5 grammes (15.43 to 23.15 

grains) of iron. Tlie charge is slowly lieated, and then 

strongly heated after the* "flaming" In the muffle has 

cased (15 to 20 minutes). — If the assay sample should 

lontain antiinoiiy, which partly remains as lead autimo- 

liate with the lead sulphate, the process is as follows: 

The assay sample is decomposed by nitric acid, to which 

pome tartaric acid has been added. It is neutralized 

with sodium carbonate, and the antimony is extracted by 

.gesting the mass for about half an hour in a solution of 

lodiuni sulphide containing sulphur. It is then filtered 

and washed, and the residuum is treated in the same 

nanner as in the sulphuric acid assay. 

H. Oxidized Substances. 
A. Lead oxide? free from eartJis (litharge^ Tninium, 
Hkimmings {Abi^fricli) -etc.). — 5 grammes (77.16 grains) of 

ithc sample are fused at not too liigh a temperature with 
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12.5 to 15 grammes (19'2.90 to 231.48 grains) of potas- 
sium carbonate with 30 to 35 per cent, of flour, or black 
flux, and covering of common salt, with small pieces of 
coal on the top, in the same manner as in the roasring 
and reducing assay. If the sample should contain any 
sulphur, 0.25 to 0.5 gramme (3.85 to 1.71 grains) of iron 
wire are added. 20 to 25 minutes are required for fusion 
in the muffle-furnace after the '■'■ flaming" in the muffle, 
and 13 to 15 minutes in the wind-ftimace after the ftame 
is under way. 

B. Lead oxides with earths. — The charge is the same 
as in II, A, with the exception that from 25 to 30 per 
cent, of borax are added, and 5 to 10 minutes more are 
required for fusion. 

C. Salts of lead oxide, namely: — 

1. Lead cfirltonate (cerussite), lead chromate {nrocoi- 
site), lead jjJiosphale (^pyromorphite), mimeiene {lead arse- 
nate), and yeUoiii lead ore {iculfenite). — The charge is the 
same as in II. A, with an addition of from 20 to 30 per 
cent, ol' borax, according to the presence of more or less 
earthy substances. With pyromorphite containing arsenic 
Irom 5 to 10 per cent, of iron is added to separate the 
arsenide of iron. Time for fusion the same as in 11. A. 

Cljai^es for oxidized ore^ according to Percy: SOU grains of ore, 
S.'iO grains of sodiuDi curboiiate, 150 grains, or lesa, of boras, and 50 

grftin^ of argol. The charge is fused in an iron pot (p. 87) Lead 

carbonate (ceruiiile) : .iOtI grains of ore, sOO grains of sodium carbon' 
ate, 100 grains of argol, and 30 grains of borni. The chaise ia fused- 
for about 30 minutes in a day crucible in the wind-furnace, and poui 
out (p. 91). — Lead photphale {pyromorphile): 300 grains of < 
grains of sodium carbonate, 20 grains of powdered charcoal, 
grains of borax ; or, S.'iO grains of sodium carbonate, 100 g: 
argol, 30 grains of borax, and some metallic iron. Fusing ti 
to 30 minutes, couniing from introducing the charge until it is poured 
out. 
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9. Lead sulphate {anglesite, lead fume, dross, sweep- 
mgs, tailings, sldmmmgs, etc.). — The charge is the same 
3 for the assay with sulphuric acid (p. 95). If necessary 
I smaller quantity of metallic iron (for instance, only 10 
■ per cent, for fume and skimmings which carry but little 
sulphate) is used, and 20 to 30 per cent, of borax is added 
if earths are present. 

13- Lead silicate {slags). — 10 grammes (154.32 grains) 
of slag are ground as fine as possible, and mixed in an 
assay vessel with 15 grammes (231.48 grains) of potas- 
sium carbonate with 30 to 35 per cent, of flour. Upon 
this, in case of acid slags, are placed 1 to 2 grammes 
(15.43 to 30.86 grains) of borax. For basic slags, 2.5 to 
6 grammes (38.58 to 77.16 grains) of borax, or equal 
parts of glass and borax, are taken, and for slag con- 
taining sulphur, and which may not have been pre\'iously 
Toasted, 0.25 to 0.5 gramme (3.85 to 7.71 grains) of 
I iron and a covering of salt with a piece of coal. The 
Icharge is smelted in a tall crucible (Fig. 39, p. 66), such 
i is used in the roasting or reducing assay, or in the 
fiTucible shown in Fig. 42, p. 67. 1 to 1| hours are 
•equired for smelting acid slags in the muffle-furnace, 
■$md f to 1 hour for basic slags in the wind-furnace after 
rthe flame is free. A thin liquid fusion is absolutely 
necessary, so that the lead globules can unite, this being 
fthe reason why a longer smelting is required. 



III. AJhya of Lead. 

The wot method must be employed for assaying alloys 
t of lead.' 



' Antilyfiirmethodeii fUr Blti ; 
[ Preuss. Zlsehr. x. 135 (Himipc). 



26. WET ASSAYS. 

These, if accurate results are to be ohtainedf 
require much time, and, as a necessary com 
the absence of certain substances. These 
semble the manipulations occurring in cheiai 
and for this reason we will give here only proi 
can be easily carried out, 

A. Assay by gravimetric analysis. 

1. Assays in Ble'iberg in Carinihia mul 
— 2 grammes (30.86 grains) of galena arc p 
fine as possible and heated with nitric acid, 
vapors cease to come off, the mass is evaporated nes 
dryness with a few drops of sulphuric acid. If mucli 
is present, it is diluted with | of a liter {0.2 pint) oCfft 
before the sulphuric acid is added, and the evapora- 
with the nitric acid is not carried too far in order tO'l^ 
as much as possible of the lime in sohitiou. It is U 
allowed to cool off, diluted, filtered, and washed until t 
acid reaction of the wash-water ceases. The conten' 
the filter (lead sulphate and insoluble earths, sulp] 
etc.) are then rinsed off into a beaker ghiss, and diget 
with a concentrated solution of neutral sodium carbonat*^ 
to convert the lead sulphate into carbonate. It is then 
filtered and washed until the water does not become 
clouded by the addition of barium chloride. The re- 
siduum is heated with diluted nitric or acetic acid to ex- 
tract the lead, filtered, and the filter is washed with hot 
water until acid reaction ceases. The lead is then pre- 
cipitated from the filtrate with as small a quantity of 
sulphuric acid as possible, to prevent a precipitation of 
lime with it. The lead sulphate is filtered, washed with 

' B. u. h. Zig. 1871, p. 63. 
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hot water, and dried. It is then detached from the filter, 
heated to a red heat, and weighed. There slioiild be at 
the utmost a difference of 0.1 {jer cent, between assay 
and counter-assay, — Another process is as follows : The 
ore is dissolved in nitro-muriatic acid ^aqna regia) and 
evaporated to dryness. The lead chloride (as also the 
ferric chloride and copper chloride) is extracted by boiling 
water and filtered. The filtrate is neutralized with 
ammonia to the precipitating point. The lead is preci- 
pitated with diluted sulphuric acid, and allowed to stand 
quietly for fi hours. The lead sulphate is then filtered 
and washed, the filter dried and burned, and the sulphate 
^beated and weighed. 

^V 2. Mohr'' a process. — 1 gramme (lo.43 grains) of finely 
powdered galena is boiled in a glass or porcelain vessel 
with hydrochloric acid. To this is added a small pier*- 
_ of zine, and tlie contents of the vessel is then heated 
antil the fluid becomes cl^r. The precipitated lead is 
bashed by decantation and dissolved in diluted nitric 
eid. It is tlien filtered to free it from adhering insolu- 
Me substances (quartz, heavy spar, etc.). The filtrate is 
y much diluted with water, and the lead is' precipitated 
6 lead sulphate with sulphuric acid in the same manner 
Sin 1. 

I Storer' weighs the lead p recipitaled wilh zinc, directly, or dissolved 
:Diilitins inaolubk' admixlurej^, in nitric acid, then weighx 
a residue and obliiins ihc weight of the lead from the difference. 
HBCazzini' fuses the impure lead, which hiis heen dried, with a 
pixiur^ of 1^ to 2 parts of caustic alkali, 5 parts of borax, and 5 
ts of Btai'ch. Lowe^ frees the lead sulphate from its admixtureK 
Rith earths by dissolving it in sodium hyposulphite, precipitates it 

' Storer, in Fresenius' Ztechr., ix. 514 ; B. u. h. Zlg. 1870, p. 308 ; 1878, 
.U. 

• URHUZziiii, in Dingier, ccvii. 40; B. u. h, Ztg. 18T8, p. 382. 
•B. 11. li. Ztg. 1874, p. 3a3. 
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as sulphide with siilpLuretted hydrogen, and eonverlB this into i 
phate. Riche' dt:ti;rmines tliD lead as supi^roxide by electrolTi 
The galena is disisolved in hydrochloric acid. The dear solution is 
filtered into diluted sulphuric neid, and the lend determined as sul- 
phate. But this must be ignited gently to prevent the volatilization 
of traces of lead chloride nhich may be present, as ihia woi 
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B. Volumetric processes.'^ — These have been 
quently proposed without any practical success. 

0. Colorimetric processes. — Biscliof * has given . 
method for determining small quantities of lead, which | 
based upon the browning of a solution containing lea^ 
by sulplmretted hydrogen. 



27. ORES. 

Native copper. — Sulphuretted ores : copper glm 
CugS, with 79.7 Cu ; erubescite (jourple copper ort 
CujFeSj, with 55.6 Cu ; copper pyrites, CuFeSj 
34.6 Cu. Ores with antimony or arsenic: ietrahed'i 
(FaJihrz), UMSi (in which R = Cuj, Ag^, Fe, Zn, 
etc., Q^Sb, As), with 15 to 48 Cu, as much as 30 per 
cent, silver, and from to 18 per cent, mercury ; hourno- 
nite, PbCuSbSa, with 13.03 Cu and 42.54 Pb; enargite^ 
CugAsSij with 48.6 Cu. Oxidized copper ores : mtp-i 
(red copper), CuaO, with 88.8 Cu; vialachite, CuCO^' 
HA with 58 Cu; azurite, CusCaOj + HaO, with 55.2 CuT 
dioptase (Kiesdmalachit), CuSiOa+SHsO, with 35.7 Cu; 
atdcamite, Cu403Cli+ 3H,0, with 59.4 Cu ; phosphates of 

' B. H. b. Ztg. 1878, 3S3. 

' Mnhr, Lebrbncb der Titrirmetboile, 1874, p. 480; Fleischer, Tltrfj 

methode, 1870, pp. 43, 87, 393 ; Mitchell, Prnctical Assnying, 1868, p. 39| 

«' ZtEcbr. 1B79, p. 48 ; U. u. k. Ztg. 1879, p. 187. 
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*}opper, with 30 to 56 Cti; arsemites o/ copper, with 25 to 
^^0 Cu ; cuprie sulphate or hlue vUrUH. CuSO^ + 5HjO, with 
Bs5.3Cu. 

BK These, besides cousiiming much time, and being expen- 
sive, require great experienee and are less accurate than 
the wet assays, which are now much employed in smelt- 
ing works for valmng ores. There are two methods, 
linown a-s the German and the Cornish assay. Botli are 
Tiased upon the principle that copper has a stronger affin- 
ity for sulphur, and less for oxygen, than the foreign 
metals (iron, zinc, antimony, lead, arsenic, etc.) with 
■^vhich the ores are contaminated, so that, when tliey are 
present in an oxidized condition, or have been concerted 
into it by roasting, they are mostly slagged off at com- 
paratively low temperatures on being fused {reduving 
fusion) with reducing agents (black* flux free from sul- 
phur, potassium carbonate and flour) and solvent agents 
^borax, glass), and only a very small part of them passes 
into the reduced copper (black copper). The latter dur- 
ing the subsequent oxidizing fusion {refirung) eliminates 
the foreign metals in an oxidized condition, and is itself 
transformed into refined copper, while the metallic oxides 
^■^hich have been formed are either slagged off' by the 
^^Edvent agent (borax) or are carried into the cupel by the 
^^pad oxide. On account of the difficult fusibility of cop- 
^Her, it is well to add in the reducing fusion collecting and 
^f^nefying agents (snch as antimony and arsenic, but lead 
is less well adapted as it may cause losses in the reflning). 
The Oerman and Coi'nish or English methods, which 
undergo modifications accordingly as the copper is com- 
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bined with sulphur, antimony, or arsenic, or is oxidized o 
alloyed, are still practised in smelting; works, and giv3 
results which suffice for the business of working copper om 
a large scale. 

A. German copper assay. 

1. Ores with sulphur, antimony, or arsenic. 

a. Roasting. — Dead roasting 5 grammes (77.16 grains)^ 
of ore. or enough of it is dead roasted that the refined 
button of copi>er, to be turned out on the refining dish, 
does not weigh much over 0.5 gramme (7.71 grains). 
It is then repeatedly nibbed up and treated with coal and I 
finally with ammonium carbonate for completely remov- ' 
ing the sulphur (p. 35) which otherwise would produce 
copper sulphide and occasion losses during reducing 
fusion. A ^veil-roasted sample should be earthy (without 
metallic lustre), have a brownish or black color, shoul^ 
not appear sintered, and should neither fume nor smell, 

Pyritei ia rubbed up two or three limes and treated once with pow-J 
dered cbarcoal, — Ttlrabedrite, Fahlerz (Hungary) : 10 grammes J 
(1.54.32 grRins) of ore «re rubbed up ten to twelve times at a verylo 
roBSting li'mpumture, taking them out whenever they commence i 
iuiHc. The ore is then roiisled without charcoal for | to 1 hoi 
temperature not above red beat, rubbed oji, and ronaled for 1 liooi 
more at a white heat. 

&. Reducing and solvent fiifion. — The roasted ore iB-*' 
well mixed in an iron mortar with | of the required quan- 
tity of black flux (consisting of 3 to 2\ parts of argol and 
1 part of saltpetre, or of 3 parts of potassium carbonate 
and 1 part of flour), a collecting agent (antimony is tin 
best) and, if the ore contains no iron, some iron filing! 
are added to decrease the slagging of copper in refining 
it on the dish. The mixture is poured by means of the 
mixing scoop (Fig. 6, p. 32) into a suitable crucible of re- 
fractory clay (Fig. 42, p. 67). The remaining | > 
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fiux is then added, upon this is placed a mixture of borax 
kand glass, then a covering of common salt and a small 
■"piece of charcoal. 

Examples of C/mrges. 



\ 


BiHt 

II m. 


»..„. 


Oliui. 


(■^,"?°j' 


fllingi. 


r 

pyrites (copv^r) , . . . 
Pnrple copper ore .... 

Tetraliedrile 

Matt rich in iron .... 
Hattricli in copper . . . 


Per Hen I. 
300 
800 
300 
300 
800 


PereBut. 

BO 

40 

30 

40to.W 

.... 


!■« cent. 
40 
40 

IS 

no to 100 


P««I.L 

10 
10 

8 
10 

5 


PetBBi... 


C/iargei Buitu,ljle in manj 


cases: 


5 gmmK 


es {77.1 


6 grains 


) of ore, 



^KVati 

^BlS.a to lo grammes (1O2.0O to 231.48 grains) of black flux, 0.3 

^^■grainme (4.U3 grains) of antimony, 1.25 gminmes (19.39 grains, 1 

^Hsttiall assay spoonful) of borax, 1.5 to 2.5 grammes ('23.15 to 38.58 

^■grains) of glass, and lO to 15 grammes (154.32 to 231.48 grains) of 

<iomman salt; or 5 grummcs (77.16 grains) of roasted ore are mixed 

witli the game quantity of black flux and put into tbe crucible. Upon 

thiB are placed 8 to 1 grammes ( 1 23.40 to 1 54.32 grains) of black flux, 

1 gramme (15.43 grains) of borax, 2.5 grammea (38,58 grains) of glass, 

and a covering of common salt 6 millimeters (0.236 inch) thick. 

-Mungarianfohkrz : Half of the roasted sample = 5 grammes (77.1fi 

fis) is mixed with 7 to 8 grammes {108.Q2 to 123,6 grains) of 

i flux. The mixtnre is placed upon the. same quantity of black 

in the crucible and covered with common salt. 

merican charge: 10 grammes (154.32 grains) of ore are roasted 

^iid mixed with 20 grammes (308.G4 grains) of black flux, 3 grammes 

tf46.29 gmins) of borax glass, and 10 lo 20 grammes (154.32 to 308.64 

is) of hematite. Upon tliis are placed 10 gi-ammes (lo4.3iJ 

w) of black flux, 3 grammes (40.29 grains) of wood charcoal, and 

t covering of common salt. Charge for unroasled ores containing 

Fiheavy SEMirand gypsum: 5 grammes (77.16 grains) of ore, 5 grammes 

if borax glass, 5 grammes of powdered glass, and 10 per cent, of rosin ; 

Uid, besides for poor ores, 2.') per cent, of iron pyrites if this is not 

■already present in the ore. Tbe whole is covered with common salt 

Ifimd filled to matt, which is then roasted and treated as above. 

Time required for fusion : f to 1 hour in a red heat in 
B&e muffle-furnace after the " flaming" has ceased, or in 
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a wind-furnace after the flames are free. The charcoal 
should be piled high in front of the crucibles in the 
raxiffle. Indications of a successftd assay are: a well- 
fused regulus (which, on account of its brittleness, must 
be carefully freed from slag), without a black coating of 
brittle matt rich in copper, well-fused slag-, whose color 
may be black or green, but must not be red, and without 
an admixture of metallic grains. 

c. Refining. — This consists in an oxidizing fusion, 
during which the foreign metallic oxides are sooner 
oxidized than the copper, and are easily separated, either 
at once as easily fusible masses, though this is seldom the 
case, or must be dissolved by fluxes (borax, lead oxide), 
and then separate with these as slag (refiniug with borax 
on the refining-dish), or are absorbed by the cupel (refin- 
ing with lead). 

Lead is pre-eminenlly oxidiziible. Tlie lend oxide yields its oxygen 
to the Ibreign nielaia. It tljcref'ore ucis ua & vigorous oxidizing agent, 
and produces easily fusible combinations, but it oontrilmttw to the 
slagging off of the copper, and for this renson the rctining process 
witli leud is less ucuurnte than tliiU with borax nithoul lead. Ftrrroiu 
oxide, antimony, anil arsenic protect copper from slagging. Nickel 
and cobalt arc difficult to separate from copjier, and do no only at the 
expense of considerable copper which is slagged off (see assay of 
nickel). Tin and zinc give refractory oxide.i and slags, and, if present 
in large quantities, the wet method must be employed. Gold and silver 
remain in the refined copper. 

a. Refining on the dish. a. Wilh borax. — This is the 
most accurate process (to within 1 to 1 per cent.), and is 
principally adapted for black copper free from lead, or 
which contains iron, arsenic, or antimony. According to 
the size and impurity of the copper button, 1.25 to 2.5 
grammes (19.29 to 38.58 grains) of borax glass are placed, 
either wrapped up in a cornet, or by means of an iron 
spoon, in a refining-disl;, which stands in the white-hot 



^^^^V COPPER — DRY ASSAYS. 105 

HBU'fHc, and is surrounded by glowing coals. The copper 
rbutton, weighing from 0.5 to 0.6 gramme (7.71 to 9.26 
grains), is taken up with the curved tongs (Fig. 39, p. 66) 
and placed into the dish. The mouth of the muffle is 
then closed by a plug, or by piling coal in front of it, and 
the button is fused quickly at as high a temperature as 
possible. The mouth of the muffle is then slightly opened 
to allow an access of air. On account of the oxidation 
of the foreign metals (iron, zinc, etc.), the button will at 
first appear dull, but brightens as soon as the foreign 
metals [with the exception of antimony and arsenic) have 
been removed, and fumes from the antimony or arsenic, 
which may have been originally present, or has been 
added as a collecting agent. (The first fumes more 
strongly than the latter, therefore indicating the end of 
the process more plainly.) The completion of the refin- 
ing process may be recognized by the button, which 
tiains hrigld, ceasing to fume (should the process be 
otinued the button would become dull from a covering 
cuprous oxide): and also, by the subsiding of the 
[ag, that is, if the button is not too large, and does not 
reigh much overfl.4 to 0.5 gramme (6.17 to 7.71 grains). 
3Che dish is then taken out with the curved tongs (Fig. 
66, p. 74), and carefully cooled off upon water until it 
ceases to glow, and then in water, and the button freed 
from slag. The assay is considered successful if the but- 
ton on being flattened shows itself ductile to a certain 
extent, and has a ilesh-red color exteriorly. (A small 
residue of antimony and arsenic prevents the button 
from being entirely ductile, and causes its fracture to be 
gray, and equalizes small losses in slagging off.) The 
slag should not be red, or at least scarcely perceptibly so, 
except at the place where the button has lain. Red slag 
indicates, either that the oxidizing process has been car- 
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ried too (iir, or an absence of iron whicli otherwise protei 
the copper from slagging off during the reducing 
as well as during retining. 

b. By itself, without borax awl lead (^Uitngarian spi 
assay^) for buttons containing more antimony or lead. — 
The copper button is ]»laced on the white-hot refining- 
dish (p. 66) standing in the muffle, and is fused quickly 
at as high, a temperature as possible after the mouth of 
the muffle has been closed. After the fusion is complete 
the mouth of the muffle is opened, the register closed, 
and the dish turned and lifted. This will cause the slag 
formed from foreign oxides to remain behind, and the 
button to roll upon a place free from slag. The refining 
is continued in this manner until the fuming ceases, and 
the now refined button assumes a sea-green color. The 
refining-dish is then pulled slowly towards the mouth of 
tile muffle, and taken out as soon as the button brightens, 
The dish is then dipped in hot water, when the button . 
can be hammered out witliout cracking on the edges. It 
should have a red color. It is now weighed, and the 
difference in weight between it and the black cop] 
determined. From this the loss of copper, which mi 
be placed to the account of the copper, is calculated by 
allowing for plumbiferons copper I part for every 10 
parts of l^ack copper lost, and for antimonial and arseni- 
cal copper 2 parts for every 10 parts lost. 

If the ore abould 
borax ic nddeil, and some lead di 
copper be very refractory, for iiiBtance 
eobull; utid nickel. 

c. With had and borax (MUsen assay). — The Mac 
copper obtained from 5 grammes (77.16 grains) of c 



1 nei iher lead, antimony, nor arsenic, 

ing process .<i}iDQld t 
lonlaiiiB much iron, jj 



.. li. Ztg. 1800, No. 28; 1803, No. 13; 1*71, p. 355. 



COPPER DRY ASSAYS. 



107 



fused with 2.5 grammes (38.58 grains) of granulated 
4ead and a small quantity of borax. The muffle is slightly 
'opened to give access to the air until the copper brightens 
in the continually increasing brownish slag. The dish is 
xooled off in water. A counter-assay with refined copper 
i made, and the loss of copper occurring tliercby is added 
) the principal assay. 10 parts ol' lead will slag off about 
1 part of copper. — In Mamfeld, 2.5 grammes of black 
copper were formerly refined with 0.4 gramme of lead. 

,!?. Refining hy cupellation. — This method is the most 
Suitable one for plumbiferous black copper, and especially 
^r quickly obtaining approximate results. But a correc- 
tion {counter-asfiai/') is necessary to determine the amount 
0f copper slagged off by the lead which becomes oxidized 
during the oxidizing fusion, and then parts with oxygen, 
not only to the foreign metals, carrying them with it 
Into the cupel, but also slags off a part of the ccpper. — 
L quantity of refined copper, equal to the weight of the 
black copper button — for instance, 1 to 1.25 grammes 
(15.43 to 19.29 grains) — is weighed off for the countev- 
issay. The assay sample and the counter-assay sample 
ire each wrapped up in a cornet. A quantity of granu- 
lated lead, amounting to 2 or 2| times the quantity of 
^pper, is weighed off for each copper sample, and each 
also wrapped up in a cornet. Two large-sized cupels 
(Fig. 44, p. 68) are placed along-side each other in the 
centre of the strongly heated muffle, and are brought to 

Pn white heat. Upon each is placed one comet with lead,, 
nd the mouth of the muffle is closed until the lead has 
egun to " drive" (that is until the dark film of lead has 
disappeared, and a white strongly fuming surface has made 
its appearance). The muffle is then opened, the comet 
containing the refined copper is placed in one cupel, and 

tr':"::::~ 
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the muffle is again closed, and " driving" is quickly re- 
newed at a high temperature. The mouth of the muffle 
is then slightly opened to admit air for the oxidation of 
the lead and the foreign metals, the oxides of which are 
absorbed by the cupels, imtil the copper buttons brighten. 
As soon as this has ensued a spoonful of coal-dust is 
strewed upon the cupels to prevent tlic slagging off ot 
copper. They are then immediately taken out of the fur- 
nace and thrown into water. Both buttons are weighed, 
and the loss of weight of refinbd copper is added to the 
weight of the refined button obtained from the black 
copper. 

y. Refining with the hlov^pipe. — 2.5 grammes (38.58 
grains) of ore are roasted, arsenized, and fused as in the 
nickel assay (see § 40), The button is weighed, and 0.05 
to 0.1 gramme (0,77 to 1.54 grain) of it is taken and 
fused with borax glass upon charcoal in the inner flame 
of the blowpipe. The oxidizing flame is then used until 
the dull button has become bright; it is then further 
treated upon charcoal without borax in the reducing 
flame before the blowpipe until it ceases to fume. The 
bright copper button is weighed, and the weight calculated 
to the quantity of ore used (^Roth^nJmch smelting works 
near Miisen). 

2. Oxidized suhstancea without sulphur. — These are 
fused to black copper (p. 101) without being roasted. 
and the black copper is refined (p. 104), during which 
a percentage of iron will protect the copper from slagging. 
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F From 1 to 10 per cent, of iron flljiign may be added for refining in 

jue the copper containii no iron or other easily oxidizuble nietale 

The process of fusing verj/ poor copper oret in larger qutintiiiea ia as 
follows: 10 to 15 gramintis (154.32 to 231.48 gmios) of unroasted ore 
are mixed with 15 to 20 per cent, of iron pyriles (free from copper), 

» and 20 per cent, of sulphur, 100 per cent, of borax glass, 100 per cent. 
[if glass, and -21) to 25 per cent, of resin are added, and a covering of 
tommon salt. The charge ia then fused to malt (matl assay) in a clay 

crucihle. The resulting matt is roasted, etc Easily decomposable 

sMlphates (cuprie sulphate) are decomposed, before they are subjected 
lo Ihe reducing fusion, by roasting with an addition of charcoal {p. 35); 
'ulpliates ditlicult to decompose (cuprous sulphate with calcium and 
"***"ium Bulpimtes) by preliminary fusion to malt. 

3. Alloys of copper. — In case they do not contain too 
ir^any and difficultly oxidizable components (nickel, tin, 
'^t<^.), they are refined in tlie refining-dish or cupel ; other- 
^v'isp the wet method of treatment is preferable. 

£. Cornish capper assay} — This is an imitation of the 
l^nglish smelting process in the reverberatory furnace, and 
I'Scjuires much skill. On account of its inaccurate results 
(iinvolving a loss of from 20 to 40 per cent, of copper, ac- 
cording to the richness of the ore) the wet method has 
been substituted for it even in Cornish smelting works for 
'a-liiing ore iu quantity. The following operations are 
required for ores containing sidphur, antimony, or arsenic: 
J^ gentle roasting in a suitable crucible (Fig. 40, p. 66); 



I Mitcliell, Manual of Practlcnl Assaying, p. 290. 



fusing to crude matt in the same crucible. This is then 
roasted, and the roasted assay sample is fused to black 
copper. This is purified by fusing it with oxidizing and 
solvent agents, and the purified black copper is refined 
with oxidizing and solvent agents, and, finally, the slag 
is fused. All operations ate carried out in the Cornish 
clay crucibles (Fig. 40, p. 66). ^^ 



29. WET ASSAYS. ^| 

These, on account of their greater accuracy and simpler 
execution, have, as a general rule, been sjibstituted for 
dry assays. The choice of one of the numerous wet assays 
depends chiefly on the foreign admixtures (antimony, 
arsenic, lead, bismuth, mercury, etc.), and somewhat on 
the richness of the sample. Colorimetric assays are espe- 
cially adapted for poorer ores, and volumetric aamys, il 
many are to be made in quick succession, are preferred 
to gravimetric assays. 

A. Gravimetric assay. — The methods by which the 
copper is determined in the metallic state (Swedish and 
electrolytic assay) are simpler and more convenient to 
execute than those by which the copper is separated and 
determined in combination (determination of copper as 
cuprous sulphide, or as subsulphorj'anide). The Swedish 
assay can be executed in less time than the electrolytic 
assay, but it is done at the expence of accuracy, especially 
with poorer ores. 

1. Modified Swedish assay? — The cupriferous substance 
is brought into solution with sulphuric or hydrochloric 
acid (nitric acid must not be used, as the precipitated 
copper is again dissolved in it), and the copper precipi- 



I B. u. h. Zig. 1809, p. 13. 
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tated with iron or zinc, and determiued either as metal 
or oxide. This plan is not admissible in the presence of 

ttals, which are also precipitated by iron and zinc. 
lot Buch metals can be removed during the operation without in- 
ous effect (lead as Bulphale, silver as silver chloride, mercury by 
igniting the precipitated copper) ; or tliey must be removed by a pre- 
paratory operation (arienic by roasting the assay aample with charcoal 
powder, or first by itaelf, and then with an addition of some iron pyrites 
at not loo high a temperature; (in and antimony by heating with 
moderately diluted Bulpliuric acid, then adding nitric acid, and beating 
nearly to boiling, and an addition, if necessary, as in the case of 
metallic sulphides, of a few drops of fuming nitric acid. The solution 
is tben eraporated to dryness until the fuming ceases. The dry maas 
is dissolved in liol water and filtered, and the solution treated with 
some hydrochloric or nitric acid, etc: or, the antimony is removed 
by fusing the assay sample with potassium hydrate or potassium car- 
bunate in a silver crucible, lixiviating the potassium antimoniatc, and 
dissolving the residue; or, the assay .sample is dissolved, neutralized 
with soda, aud digested with a solution of sodium sulphide to extract 
the antimony, arsenic, and tin in soluble form. Tt is now filtered, and 
the residue washed and dissolved as above. To separate bismuth by 
Hnalyticul methods is a very tedious operation.— Ores containing bitu- 
men, for instance cupriferous schists (Kupferschiel'er), must be ignited 
to remove tlie bitumen, before they are dissolved. Impure (black) 
precipitated copper can be further examined according to Parkes' and 
FUitmann's volumetric method, to be shortly described. 

^Bfi. Precipitation with iron. — 1 to 5 grammes (15.43 to 
^P.16 grains), according to degree of richness of copper; 
generally, 2.5 to 5 grammes (38.58 to 77.16 grains) of 
the assay sample are decomposed in a suitable flask (Fig, 
9, p. 38), which is placed iu an oblique position, by heat- 
ing with sulphuric acid, and adding from time to time 
some fuming nitric acid, or potassium chlorate, \intil the 
Separated sulphur, inclosing particles of the ore, is oxi- 
dized as much as possible ; or, the sample is at once dis- 
tved in aqua regia (see also p. 39 for method of de- 
nposing metallic sulphides). It is now evaporated to 
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dryness with some sulphuric acid, or until the sulphuric 
acid vapors appear in the flask. A few drops of sulphuric 
arid are added to the dr\' mass (to dissolve the basic salts), 
and then water is cautiously added; or. is at once added 
to the (cooled ofl") mass, while it still contains free acid. 
The fluid now eniirelf/ free from nitric arid is filtered 
into a glass flask, such as is shown in Fig. 15. p. 4'2. 
The residue is washed until the wash-water no longer 
produces a red stain upon a piece of bright sheet iron. 
Two pieces of iron wire, 3 to 4 centimeters (1.18 to 1.57 
inches) long, are then added (or, in order to shorten the 
time required for the assay, the fluid may at once be 
filtered into a porcelain dish in which the iron wires lie, 
and copper will then be precipitated during the filtration). 
The filtrate is sufficiently diluted and gently heated until 
a pointed iron wire, when dipped into the fluid, shows no 
reddish stain of copper. The copjwr is twice decanted 
with cold water in a spacious beaker-glass (to pre^'e^t 
the separation of basic iron salts, which are more easily 
formed by hot water), and is then decanted three times 
with boiling water. The flask is now completely filled 
with cold water; a flat-bottomed [Ktrcelain dish, about 80 
millimeters (3.15 inches) wide and 20 millimeters (0.78 
inch) high, is placed bottom upwards on top of it. The 
flask and dish are then inverted. The mouth of the flask 
is held in an oblique position, and the water is allowed to 
run into the dish imtd it is nearly fidl. The flask is left 
standing in the dish until all the copper and the iron 
wires have fallen into the water in the dish (small parti- 
cles of carbon separated from the iron will remain floating 
on the water for some time). The flask is now quietly 
drawn over the side of the dish, which ^oidd be some- 
what inclined for the purpose. The iron is freed from 
copper by rubbing witli the fingers, which should be 
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rinsed off in the water. The eopper is now decanted 
twice with boiling water. This is poured off as com- 
pletely as possible from the copper, which is moistened 
ivith absohite alcohol, and dried on the water-bath, until 
it has assumed a pulverulent condition. It is allowed to 
cool in the desiccator, and is then brought upon the pan 
fif the balance, or into a tared porcelain cracible with the 
aid oi" a fine brush, and quickly weighed. It is now dried 
for 10 or 15 minutes more, and again weighed until the 
results agree ; or the copper is spread out upon a roasting 
dish and ignited in the muffle-furnace, and the metal 
ralcnlated from the amount of eupric oxide formed (10(1 
cupric oxide ^^ 79.^8 copper). If the water used in 
dccantation shows a reddish sediment in the beaker-glass 
it should be filtered, the filter dried and ignited upon the 
Rcorifier. and the percentage of copper resulting from the 
cupric oxide should be added to the principal yield. 

Correction for iron tliat may be contiiiiied in llie prt:(tipitated copper 
on account of' a deposit ol' basic iron sails: Tlic precipitated copper is 
ignited upon the scorifier until it heconies black. The cupric anil 
ferric oxides formed are weighed and dissolved in liydrocliloric or 
sulphuric acid. The ferric oxide is precipitated with ammonia. The 
solution is filtered upon a small filter of paper. The filler in dried and 
ignited, and the ferric oxide, which may be found, is deducted from 
the combined weight of the cupric and ferric oxides, and the copj)er 
calculated from llie ijiianlity of pure cupriu oxide found. Instead of 
decanl.ing the precipilaled copper, it may nil be filtered, dried, ignited, 
weighed, and dissolved, as above, fur obtaining the yiercentage of iron. 

Pure precipitated copper has a fine copper color. If 
the solution contains antimony and arsenic, it has first a 
copper color, wliich changes to black, by the antimony 
and arsenic which are precipitated later on. The largest 
Itortion of the antimony, after the precipitate has been 
waporated to dryness with sulphuric acid and again 

istened with water, remains as basic sulphate of anti- 



mony, while arsenic passes into solution. The residue 
from the sohition of the ore, etc., is tested for copper by 
heating it with nitric acid, filtering, and adding ammouia 
in excess (appearance of a blue color indicates copper). 

Insiead of two iron wires, h simple one, bent into tlie form of a ring 
with one end prnjecling vertically, may be used. The ring is dipjjed 
into the liquid cotilnincd in u beuker-glass in such a manner that the 
end projects. When the precipilation ia complete the copper ia rinsed 

fi'om the ring, decanted, etc.i as above Or a strip of sheet-iron may 

be used instead of the wire, but it must be immediately removed from 
the liquid after the precipitation of the copper is complete to avoid the 
formation of biisiu iron salts. In solutions thiit are too concentrated 
the copper adheres too strongly to the iron. 

b. Precipitation icitJi zinc free from lead and arsenic.'' — 
A solution of the assay sample is prepared with sulphuric 
acid, as described on p. 112, and filtered. A strip of zinc 
is placed in it, and the solution is then heated until a 
bright iron wire held into jt shows no copper deposit; 
or until a drop of the solution placed upon a porcelain 
dish is not browned by sulphuretted hydrogen. Tlir 
strip of zinc is then taken out, and the precipitated cop- 
per is washed off with the wash-bottle. It is filtered, until 
but a small layer of water covering the copper remains. 
A few drops of warm hydrochloric acid are then added to 
dissolve any particles of zinc which may be present. It 
is now decanted, etc., as in the precipitation with iron (p. 
113); or it is filtered as soon as effervescence has ceased, 
quickly washed with hot water, and dried. The copper 
is then detached from the filter, ignited on the cover of a 
porcelain or platinum crucible, or upon a roasting dish in 
the muffle, and the oxide quickly weighed. The black 
crust upon the end of the piece of zinc, which has been 

' Fresenius' Zlschr. ffir analyt. Chcmic iii. 384 (Molsr nnd Freseoios), 
Oesl. Zlschr. 1808, No, 48(vonKripp). Erdmaan's J. f. pr. Chemis, cii. 47! 
(UUgreen). DarBlellung von pulverfiirmigera Zinke in Dingier, ccxjcviii. 379. 
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dipped into fluid, is a spongy layer of zinc colored by a 
trace of sulphide of copper. Nickel, which is not thrown 

^wvn by iron, is precipitated with zinc, but cobalt is not. 

^^ISranulated zinc muy he used instvud uf a strip, but t.lie gmnuks 

^must be completely dissolved by the time the bubbles uense. Tbe 
copper is then decanted, etc, — The cuprous (luid may be filtered into 
a plutinum disb, nnd some liydrocbloric ucid added to it. It is tben 
heated, and a few small pieces of zinc added to it, whereupon llie 
copper will deposit itself firmly on tlie platinum, but loosely on the 
zinc. After precipitation is complete, which fact is to be tested witli 
sulphuretted hydrogen, as above, the copper Is rubbed and washed ofi' 
from the zinc, I 1 n allowed to settle, is decanted, treated with 

hot water, to wh 1 ome 1 ydrochloric acid has been added; then 
ipiiclcly washed w 1 ho a by decantatien to prevent the loss of 
any of the coppe by solu on It is finally moistened with some abso- 
lute alcohol, d d n a «a e -hath, or at 110*^ to 120° C. (230" to 
2-18° Fahr.), nd he a d pi linum dish, which hag been allowed to 
tool off in the desiccator, is weighed; or the copper, if the utmost 
accuracy is demanded, is heated in a stream of sulphuretted hydrogen. 
— Cuprous ichiit (Kupferschiefer) :' 5 grammes (77.16 grains) are 
heated with 40 to 50 cubic centimeters (2.44 to 3.05 cubic inches) of 
hydrochloric acid. When tbe carbonic acid has been expelled, 6 cubic 
eentimelers (0.36 cubic inch) of diluted acid, consisting of ctiual parts 
uf nitric acid, of 1.2 specifii. gravilj, and water, are idded (to ores 
free from bitumen, or which have been ignited, I cubic centimeter 
(0.061 cubic inch) of nitric acid) This \b digested lor Imlt an hour, 
then boiled for a quarter of an hour The hot liquid, which should 
contain no free nitric acid, la filtered into a beakei glass A small 
rod of zinc upon a strip of platioum is placed in the hitrate, and the 
copper is precipitated, which will require from |^ to J of an hour. 
The precipitated copper is then decanted and dissolved in nitric acid, 
together with that adhering to the platinum, and titrated with a sulu- 

^Bd of potassium cyanide (^ee p 127) 

f: 

^■^ Fr. 



S- Electrolytic aitay^ — The copper is precipitated in 
ksoherent film upon a weighed platinum strip by the 



i' ZUclir. viii. B. 
• FreseniLis' Zlschr. iii. 334 ; vii. 253 ; ix. 102. B. u. L. Zlg. 1B69, p. 43, 
181 i 1B74, p. 251 ; 1875, p. 155 ; 1877, p. 5, 3^. Preuss, Ztschr. xvii. LieC. 
3 ; X.X. Lief. 1. Grolhe, polyt. Zlsclir. 1877, p, 11. 
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galvanic current, from the solution of the nitrate contain- 
ing free nitric acid, which need not he filtered. From 
tliis solution, zinc, iron, nickel, cobalt, and chromium are 
not precipitated by galvanic action. The following arc 
precipitated in the form of peroxides at the positive elec- 
trode: namely, lead, manganese, and (partially) silver. 
Menyitry is precipitated at the negative electrode in the 
metallic state before eopirer; fdlver and hismntk at the 
same time as copper, and selenium, antimony, and arsenic 
only a considei'able time later ; the assay, therefore, as a 
general ride, requires the absence of the last-named metals 
and metalloids, which blacken the fine red color of tlie 
copper. Antimony remains behind, undissolved, when the 
assay sample is dissolved in nitric acid. A large number 
of assays can be caiTied out at the same time according 
to this very accurate and simple method, which is adapted 
for rich as well as for poor ores, etc. 

It is best to employ for the galvanic current, the Meid- 
iuger-Pinkiis' Itattery^ (with 6 large elements for richer 
copper ores, and 4 small elements for poor ores with less 
than 10 per cent. Cu); or Clamond's thermo-electric bat- 
tery'' (consisting of a number of zinc and antimony elements 
^ arranged in the form of a ring, and heated by a gae-flame) 
may be used. If the cuiTcnt is too strong the copper does 
not deposit itself firmly upon the platinum. The copper 
is not precipitated in as pure and coherent a state, from 
the solution of the sidphate containing free siUphuric 
acid, and in case iron shoidd be present a part of this is 
thrown down with the copper, while another part is re- 
duced to protoxide, 

1 gramme (15.4:3 grains) of the assay t 



«niuB' ZlBclir. \i, i (Monsfeld). 
I, li. Zlg. 1875, pp 155, 351. 303 



sample is di^H 
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Fig. 49. Fig. 50. 




solved in strong nitric acid and evaporated to dryness in 
a porcelain dish. If necessary, the dish is heated over a 
lamp to burn off any separated sulphur (p. 39). The 
residuum is dissolved in 20 cubic centimeters (1.22 cubic 
inches) of nitric acid of 1.2 sp. gr., and filtered into a 
beaker-glass. The filtrate is diluted to 180 to 200 cubic 
centimeters (10.98 to 12.2 cubic inches), and stirred. 
The platinum spiral a (Fig. 50), weighing about 16 
{jrammes (246.92 grains), is now 
placed in the heaker-glass, A cone 
of platinum foil (Fig. 49), weighing 
about 20 grammes (308.65 grains), 
is suspended over this from a stand 
in such a manner that, when rich 
ores are to be tested, the cone hangs, 
at tlie utmost, 1 centimeter (0.39 
inch) above the foot ring b of the 

spiral, but only 0.5 centimeter in case of poorer ores, and 
that a part of the cone shall project above the liquid, 
The cone is connected by means oi" a wire conductor 
with the negative electrode, and the spiral with the posi- 
tive. The beaker-glass should be covered with a glass 
plate, cut into halves, and each half perforated with a 
hole for the wires to pass through. The strength of 
the galvanic ciurent used is generally such that 90 to 
100 cubic centimeters (5.49 to 6.1 cubic inches) of water- 
gas wiU be developed in 30 minutes in the voltameter 
from diluted sulphuric acid (1 : 12), and as much as 180 
cubic centimetei-s (10.98 cubic inches) for rich cupriferous 
substances. After an electrolytic action of 1 2 to 18 hours 
the Uquid is examined in order to ascertain whether the 
whole of the copper has been precipitated, by adding 
me water, and stirring. In case it still contains copper, 
bright portion of the platinum cone, now partly 




snbmcrg(^f!, will be covered with a red film of copper. 
If no more copper is separated, the beakcr-glass is 
placed in a spacious porcelain dish, and the acid liquid 
it contains is displaced by adding water until all acid 
reaction disappears (or the liquid is removed ivith a 
siphon, and water is added from a wasb-bottle until gas 
ceases to develop at the positive electrode). The cone 
of platinum is then taken out and placed in a beakcr- 
glass with water. It is then rinsed oif with hot water, 
next placed in a beaker-glass filled with absolute alcohol, 
or washed with it, and finally laid upon blotting paper, 
and dried in an air-bath at about 94° C. (201.2° Fahr.). 
(If the operator has some experience this can be done 
quicker upon a piece of sheet-iron heated over a lamp, 
or by holding the cone in the hot air arising from a large 
platinum or silver dish heated by the flame.) After it 
has cooled ofi^ the cone is weighed ; and, as its weight 
had been accurately ascertained before the operation, the 
weight of the copper will be given by the increase in 
weight of the cone, from which the copper can then be 
dissolved by hot nitric acid. Dark spots upon the red 
copper indicate the presence of arsenic, antimony, or 
selenium. If only small quantities of the first two are 
present, they arc very slowly precipitated, or not at all, 
from a strong acid solution, if the current is interrupted, 
while the fluid possesses still a faint bluish coler. The 
])resence of much iron prevents a complete precipitation 
of the copper, as it (Cu) is dissolved by the ferric sul- 
phate while ferrous oxide is formed, the action of free 
nitric acid upon which, produces blackish-brown circles 
around the platinum cone. When this is observed it is 
a sure indication that the process of precipitating the 
chopper has not taken place properly. In this case the 
assay sample is dissolved in 40 cubic centimeters (2.44 
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cubic inches) of nitric acid, and 360 cubic centimeters 
(21.96 cubic inches) of water, using a stronger galvanic 
current, giving 120 cubic centimeters (7.32 cubic inches) 
of water-gases in VoUa's apparatus ; or, what is still better, 
the copper is precipitated from an acid solution by sul- 
phuretted hydrogen, and the copper sulphide dissolved 
in 30 cubic centimeters (1.83 cubic inches) of nitric acid 
of 1,2 specific gravity. It is then digested until the sul- 
phur shows yellow. 200 cubic centimeters (12.2 cubic 
■ches) of water are added, and the fluid is then eleo 



Fig. 51. 



Herpin' dissolves 1 gramme (15.43 grains) or more of tlie assay 
i[)le in nitric acid, evaporates nearly to dryness, dissolves in jl 
small quantity of dilute sulphuric acid, and dilutes tlie solution to GO 
to 70 cubic centimeters (3.B6 to 4.27 cubic incUea). Tlie solution Is 
[loured into the platinum dish ^ (^'g- 51), 
itnd the conducting stand Ji of the dish is 
connected.' with the negative electrode, the 
|ilutinum spiral Cwith the positive electrode, 
iind the liquid electrolyzed after the funnel D 
lias been placed in position. When the cop- 
per has been precipitated, the fluid is poured 
from the dish. This is rinsed out first with 
water, and next with^alcohol, then dried and 
weighed, the copper being determined from 

the inereftse of weight Hampe's' method of 

testing refined copper .- 2.5 grammes of copper 
1 in a bea)cer,at a moderate tem- 
200 cubic centimeters (12.2 cubic 

ibes) of water, and 17a to 180 cubic centimeters (10. G8 



HVed 
Bprat 

^^nbic 




^nbic inches) of i 
25 grammes of previo 
meters (0.24 cubic in 

Einto sulphate). 
I B, u. h. Ztg, 1 
* Preuss. ZlscUi 



To til it 



10.9H 
added 



id of 1.2 specific 

isly diluted sulphuric acid (about 4 cubic venti 

h) more than is required for transforming thi 

The liquid is then evaporated to dryness in i 

water-bath. The dry mass is heated upou i 

37^1, p. 394. Dingier, ccxvii. 440. 
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an.nd-bath until the volutilmtion of the free suljahnric aaid is complete. 
The dish is then covered, and, after the mass litis bQconriti cool, 20 cubie 
centimelers (1.22 cubic inches) of nitric acid are added to it. Vfuw 
is now allowed to flow gmduall^ into the didli until the entire TOlume 
»mouDts to 3.i0 cubic centimeters (21.35 cubie inches). The si 
removed by the addition of an equivalent quantity of hydrochloriu acid. 
Tlie liquid is electrolyzud in a veasel capable of holding from 400 t( 
cubic centimeters (24.41 to 27.6 cubic inches). The strength of the 
galvanic current used should be such that 130 cubic centimeters (7.93 
cubic inchtjs) of oxybydrogen gas — it may vary from 90 to 180 cubi«' 
centimeters (5.49 to 10.9» cubic inches) — are developed in 30 minoiea; 
in the voltameter from diluted sulphuric acid (1 : 12). The liquid i 
electrolyzed for aljout 72 hours, tlie subsequent manipulations being tlx 

i^anie as above described The presence of small quantities of biimuti 

in the precipitated copper can be determined by (he following prooeaa 
The copper is dissolved in nitric acid, concenti'ated hydrochloric a 
in targe excess is added, and the nitric acid boiled away. The e 
t)f hydrochloric acid is evaporated on the water-bath, a large quantitj 
of boiling water is added, and, after 24 hours, the precipitate, ec 
ing of basic bismuth and copper salts, is filtered uff. The 6hrate i 
solved in hydrocjdoric acid, and again precipitated with water, 
precipitate is dissolved in nitric acid, and the copper contained thercii 
i^eparated by ammonium carbonate. 

3- Determination of the copper in the form of citprow 
miJphide} — This demands the absence of metals preeipi. 
table from acid solutions with siilphuretted hydrogen 
and the metalhc sUlphides of which are not volatilized ii 
■I heated current of hydrogen (silver, lead, hismutli, cad 
mium, antimony, tin). During the dissolving process, 
lead may be separated by sulphuric acid, antimony and' 
fin by nitric acid; mercury and arsenic sulpi 
volatile. In case a considerable percentage of nicJcel is 
present, nit;kel sulphide will be precipitated with sulphi 
retted hydrogen, which can only be prevented by using 
a large excess of acid. 

1 Be^timmung des Eupfers In kupferhBltlgcn Eiescn, Abbrlndcn und 
ftUBgelaugleu Abbianden in Freaeniue' Ztscbr. xvi. 835, 
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^■1 to 5 grammes (15.43 to 77.16 grains) of the assay 
^Hmple are decomposed with nitric acid or aqua regia. 
The residue of sulphur is removed by hydrochloric acid 
and potassium chlorate. The liquid is then diluted with 
water and the silver precipitated with common salt. The 
solution is then filtered, heated to about 80° to 100° C 
(176° to 212° F.), and saturated with sulphuretted hydro- 
gen, the precipitate filtered, after standing about one 
hour, and quickly washed with hot water. The filter is 
dried between blotting paper and next quickly in a hot 
sand bath. The precipitate is detached from it and the 
filter with the addition of some sidphur incinerated upon 
the cover of a tared porcelain evaporating dish which 
contains the copper sulphide. This, after an addition of 
sulphur (0,5 gramme, 7.71 grains), is strongly heated 
for about half an horn-, wliile a current of hydrogen or 
illuminating gas is conducted to it through an opening 
in the cover, or through a perforated mica plate, which has 
been placed upon the crucible. CUjS with 79.85 per 
cent, of copper will be formed. (If a current of carbonic 
acid is used, too much CuaS is obtained, in consequence oi' 
the less complete decomposition of the cupiic sulphide.) 

Of niclcel coins, 0.5 grammes (7.71 grains) are dis- 
solved in nitric acid and evaporated to dryness with 1 
cubic centimeter (0.06 cubic inch) of sulphuric acid, the 
residue is dissolved in 200 cubic centimeters (12.2 cubic 
inches) of boiling water, and the solution precipitated 

B'th sulphui'etted hydrogen, etc. 
I^pparalus^ for igniting in a current of hydrogen (Fig. 52). — a, a 
be] with water and ■ano,; b, fimnel for pouring in sulphuric acid: 
c, discharge pipe for the gas ; d, drying lube of calcium chioride ; «, 
gaa disc hai^e- pipe ; g, poraelain crucible witb perforated cover (^Ro»e'g 

CHvorriclitang (tir WasBerHtoffentwicklungsappBrale In Pre- 
Xt.x.-n. B3. Poggendorf's Ann. ]87G, Heft. 10. 
L 



crucible) j I, lamp. Fig. 53 — fl, gas generating flask with funnel liii>e 
h ; c, wash vessel witli concentraCeil sulpliuriu ax'\A ; d, catciuin chlo- 




ride tube ; e, biilb-tiibe tor the recepti 
able lo pass tlie giis first througli a soli 




and next, a solution of sodiam liydnitB to free the hydrogen froiJ* 
hydrocarbon 9, eti;. 

■4. Assay with sulphocyanide} — This method allows 
of the presence of nickel, zinc, iron, and arsenic ; 0.5 to 1 
gramme (7.71 to 15.43 grains), or more, of the assay 
sample is dissolved in nitric acid and evaporated to dry- 
ness witli sulphuric acid until the free sulphuric acid is 
completely expelled. 

The dry mass is now dissolved with a little water and 



Fresenius' Zlsclir. 
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^ large qiiantity of sulphurous acid added to the cold solu- 
tion. Potassium sulphocyanide is then gradually added 
"■Jntil white copper sub-sulphocyanide is precipitated (if 
"too much potassium sulphocyanide is added at one time, 
"the black sulphocyanide is formed which is only gmdually 
rrediiced to sub-sulphocyanide by .sulphurous acid.) A, 
sufficient quantity of the sulphocyanide salt has been 
tadded when the fluid commences to assume a reddish- 
Irown color. This coloration is caused by the presence 
of iron, but the fluid will, in a short time, become entirely 
colorless. The precipitate is allowed to settle and is then 
decanted with cold water until a solution of silver nitrate 
is not rendered turbid by the wash water- It is then fil- 
tered upon a previously weighed filter and dried for 12 
liours at 105° to 110° G. (221" to 230" F.), and weighed 
<100 CuaSjCya = 52.2 Cu). In order to control the cor- 
Tectness of the result, the filter is incinerated by itself, the 
<:opper sulphocyanide is heated in a porcelain crucible to 
<lecompose the sulphocyanide, and is then ignited with 
£ulphur in a current of hydrogen, and treated as on page 
21. 

\mchl eoint 1 gramme (1.1.43 grains) is dissolved in 10 cubic 

timeters (0.61 cubic inch) of nitric acid of 1.18 specific gravity, 
md evaporated to dryness with 1 cubic centimeter (0.061 cubic inoh) 
if concentrated niilphuric acid. The dry mass is dissolved iu a little 
||iter, and to the aolution ia added 50 cubic centimeters (3.03 cubic 
Echee) sulphurous acid solution, and 2 grammes (30.87 grains) ot 
1 sulphocyanide. After having stood for 12 hours it is lil- 
i. For the determination of nickel in the filtrate see 



fCopper alloyed with tin (bronze)— 1 gramme (15.43 grains) of the 
3loy is dissolved in a mixture of 6 cubic centimeters (0.36 cubic 
inch) of concentrated nitric acid of 1.5 specific gravity witli the addi' 
lion of 3 cubic centimeters (0.18 cubic inches) of water. When tlie 
n of the aoid has ceased tlie contents of the dish is heated for a 
!, and next treated witli 40 cubic centimeters (2.44 cubic inches) 
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of boiling wal«r. It is then allowed to neltle. The se<liment, i 
ing of stannic oxide, containing 78.7 per cent, of tin {free I'rom cop- 
per) is washed and weighed. If other pro{iortions of acid are used 
ihe elannic oxide will be cupriferous. If black specks, which will 
indicate niclcel sulphide, show themselves upon solution, some hydro- 
chloric sliould be added to the nitric acid. At»e»ie, when copper ia 
preeipitaled witli potassium sulphocyanide, remains in the filtrate. 
Some sulphurous acid is added, then boiled awuy, and tlic arsenic j 
precipitated with sulphuretted hydrogen, fron remains with the nicliel, 
and may be separated by twice di»isolving and preeipiluting with am- I 
monia. Sulphur is determined by barium chloride. 

B. Volumetric assaj/s} — A large number of precipitat- 
ing methods have been recommended : according to 
Pelouze, with sodium stilphide ; according to GaleiH, by 
means of potassium ferrocyanide ; according to ScJiwarz, «, 
with potassium xanthate ; and, according to Votlhard, «- 
with potassium sulphocyanide. Of reducing methods, ^■. 
the following are recommended, viz. : according to de ^ 
Haen, with sodium hyposulphite and potassium iodide ; ^ ; 

iit:cording to Weil, with jtrotochloride of tin ; accord- 

ing to Pftrkes, with potassium cyanide; according -^i; 

to Schwarz, with ferric chloride and potassium per- 

manganate, and others. The method with potassium -*"' 
cyanide is largely used in smelting works, for tlie ^^s 
reason that it is easily executed, and affords a sharp ^^ 
final reaction. Weil's method with protochloride of tin _*^ 
is also simple, and both methods are particularly welL^^ 

adapted for a further test of the impure, black, precipi 

tated copper obtained in the Swedish assay (pp. 113, 114) — - 

1. Parkes' lissay icith potassium ci/anide." — Thi s=^ 



I Mohr, Lehrb. der Tilrirmethode, 1874, pp. 214, 283, 319, 478, 685; R 
11. h. Ztg. 1871, p. 333 (Pelouze); 1809, p. 19; 1877, p. 307 (Schwsnl 
1870, p. 447 ; 1873, p. 20 ; Oeslr. Zeilschr. 1871, No. xvii. ; Oeslr. Jalir(» - 
der Bergakademlen u. b. w. Bd. xx. p. 133 (Weil); FresemuB' Zlscbc 
xvli, 53 (Rhodan probe). 

' B. u. U. Ztg. 1867, p. 103 ; 1809, p. 18 ; 1871, p. 332 ; 1872, p. 207, M7, 
419. Oestr. Jahrb. xx. 133. 
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"rnethod is based upon the reduction of an ammoniacal 
solution of copper by treatment with potassium cyanide. 
The blue color of the solution disappears and colorless 
cyanide of copper and ammonium is formed (4:CuN20g 
48KCy+ 2Am,0 = 4CuCy + 2AmCy + 8KN03 + 
3Am,CyO). Foreign metals which give a solution of 
laeculiar color with ammonia {nicl^el, cofmlf) or which 
form a colorless solution (zinc, manganese) exert a dis- 
turbing effect, as do also such as produce a precipitate 
"which it is difficult to free from hydrated oxide of copper 
in washing {ferric oxide, alumina). Lead, sHver, tin, 
s»nd antimony may be removed in advance. The pres- 
C5une of arsenic is harmless, provided no ferric oxide is 
X>resent at the same time, since ferric arsenate is soluble 
ill ammonia. This method is much used in practice, and 
gives sufficiently accurate results, provided the same con- 
c3itions arc always observed (i. e., uniform dilution, the 
xise of the same quantities of acids and ammonia, etc.). 
The following quantities of ore arc dissolved: — 

3.0 grammes (154,!12 grains) of ore, ivhen it contnins 0.1 to 1 per cent. Cu. 
5 ■' ( 77.1« " ) '' " " " 1 lo o •' 

3.5 " ( 38.58 " ) " " " " 5 to 30 " 

lloO.B" {15.43107.71) " - " " 30 InSO " 

k'he assay sample is dissolved in nitric add and, if it 
tains lead, is evaporated nearly to dryness with sul- 
■phuric acid. It is then diliited with water to the bulk of 
r^ liter (0.44 pint) and (if the above mentioned injurious 
foreign metals are present) precipitated from the acid 
solution with sulphuretted hydrogen. The precipitate of 
copper sulphide is filtered, and washed on the filter ivith 
!i solution of sulphuretted hydrogen. It is then rinsed 
off from the filter into the sanie flask, which was used for 
the solution, and is heated with 10 cubic centimeters 
Bfr.61 cubic inch) of concentrated nitric acid of 1.41 spe- 
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cific gravity until the sulpliur is seen to separate in tha 
form of globules. Ammonia is now added until precipK, 
tation takes place, then 20 cubic centimeters (1.22 cubic' 
inches) of ammonium carbonate solution (1 : 10) arft' 
added. The quite clear solution is filtered off from the 
sulphur into a beaker glass. The sulphur remaining in 
the flask is treated with hydrochloric acid and potassium 
chlorate until it is entii-ely dissolved. It is then evapo- 
rated to dryness on the sand bath, and the residue is 
treated as above with water, ammonia, and carbonate of 
ammonium, and filtered into the principal solution. The' 
filter, from which the precipitate of copper sulphide was 
washed off, is spread out in a beaker glass. Water is' 
povired over it, a few drops of nitric acid are added to it, 
and it is then boiled for a few minutes. Ammonia andl 
carbonate of ammonia are added as above, and the solu- 
tion is likewise filtered into the original solution, which' 
is then dduted to the bulk of ^ liter (0.88 pint) and 
should have only a faint odor of ammonia. 20 cubic 
centimeters (1.22 cubic inches) of the liquid are taken 
and titrated with a solution of potassium cyanide uni 
the color has so nearly disappeared that only a faint vio-' 
let tint remains (best seen in a porcelain dish) and which 
entirely disappears in from 1 to "2 minutes (by titrating 
at 60° C. (140° F.) the percentage of copper found will 
be somewhat less, but more accurate). 

The potassium cyanide is standardized as follows, and] 
shoidd be used in as fresh a condition as possible, viz. KJ 
5 grammes (77.16 grains) of potassium cyanide are dii 
solved in ^ liter (0,44 pint) of water, and 1 gram: 
(15.43 grains) of electrolytic copper, in nitric acid. Thi 
solution is supersaturated with ammonia and ammonium:^ 
carbonate, and diluted as above, to the bulk of 1 liter 
(1.76 pints). 100 cubic centimeters (6.1 cubic inches) rf. 
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the solution will thrn contain 0.1 gramme (1.54 grains) 
of ropper from which the potassium cyanide may be 
standardized. 

Copper precipitated with iron (p. 112), or with zinc (p. 114). 
MfCnsleld copper schist (Kupferschieler) may be examinfd by this 
method by dissolving 5 grammBa (77.16 grains) of the precipitated. 
copper (p. 115) in from 8 to 1(5 cubic centimeters {0.48 lo 0.97 cubic 
ich) of nitric acid of 1.2 specific gravity. The solution is gently 
heated, allowed to cool, and is then supersaturated with 10 cubic centi- 
nietere (0.61 cubic inch) ol'a, mixture of 1 volume ammonia and 2volume.s 
of water. It is titrated with potassium cyanide, 1 cubic centimeter 
. (0.061 cubic inch) of which represents 0.<I0* gramme (0.077 grain) of 
copper. — It is advisable to preserve the solution of potassium cyanide 
in the dark, in a tightly stoppered flask of green glass. 

2. FJeitmann'a vtethod tciOi ferric chloride? — Copper 
precipitated by zinc, as described on p. 1 14, is dissolved 
in a mixture of ferric chloride and hydrochloric acid. The 
solution should be made in a glass flask furnished with a 
nibber valve (Fig. 10, p. 39), and with the addition of a 
little sodium carbonate to expel the air. Protochloride 
of iron (Cu+FejCl, — CuCl,+ '2FeCl,) is formed, which 
is titrated with potassium permanganate until a pinkish 
coloration remains permanently. 

The standard of the solution of potassium permanga- 
nate is fixed as follows: 0.2 to 0.3 gramme (.3.08 to 4.63 
grains) of piano wire, containing at an average 0.4 per cent, 
carbon, is placed in a flask provided with a mark at 200 
cubic centimeters (12.2 cubic inches) and dissolved in 
diluted sulphuric acid, the air being excluded. It is 
allowed to cool off, and is then diluted to 200 cubic centi- 
meters (12.2 cubic inches) with distilled water previously 
boiled. Solution of potassium permanganate (prepared 
as below) is then added, drop by drop, to 100 cubic centi- 
meters (6.1 cubic inches) of the solution of iron until the 
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light rose-red colorniion rcmaius permanently. This ope- 
ration is repeated with the remaining 100 cubic centime- 
ters of iron solution. From these titrations the value of 
the permanganate may be calculated. The flask, during 
the operation, should be placed upon white paper, as this 
will aid in accurately recognizing the tint of the sohition 
wliich indicates the end of the reaction. The solution 
of potassium permanganate is made by dissolving 4.5 
grammes (69.44 grains) of potassium permanganate in 
i liter (1.76 pints) of water, when 1 cubic centimeter 
(0.061 cubic inch) of the solution will coiTcspond to 0.008 
gramme (0.12 grain) of iron. It is advisable to have 1 
cubic centimeter of the permanganate solntion (0.061 
cubic inch) correspond to from 6 to 10 milligrammes 
(0.92 to 0.15 grain) of iron, as with this strength, one 
drop of the solution will produce a perceptible tint. 1 
equivalent Cu (31.50) = 3 equ. Fe (55.90). Instead of 
using dissolved iron, the strength of the permanganate 
solution may be deterniined with the double sulphate of 
iron and ammonia, containing 6 eq. H3O, and repress 
ing 14.286 per cent, of metallic iron. 

If the original solution of copper contains nitric acid, bismutli^ 
lead, it is precipiliited with ummonia in excess and filtered. 
copper is tlien precipitated witli the aid of heat, by means of iinely 
divided zinc, in ammoniacal solution. 

C Colorimetric methods} 

1. Seine's aeeay for poor ores and proilnds {sfags, etc.). 
Standard solutions, containing, respectively, 0.025, 0.02, 
0,015, 0.01, and 0.005 gramme to every 120 cubic centi- 
meters (7.32 cubic inches) of liquid are prepared either 
by dissolving a known weight of copper and diluting this 
as much as may be necessary to obtain the separate gra- 
dations of copper, mentioned above, in equal volumes < 



resei;^ 



' Dingier, 1857, p. 436. Berggeist, 1807, No. 37. 
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tV»e liq^^id; or by directly weighing off the above men- ' 
tioned quantities of electrolytic copper and dissolving 
each with a few drops of nitric acid in a graduated vessel, 
adding ammonia in excess and diluting the clear, blue 
■flxiid with distilled water to 120 cubic centimeters (7.32 
c^ibic inches). The solutions are then introduced into 
ol>long sample-glasses, having exactly the same form and 
sectional area, about 50 millimeters (1.96 inches) long, 
50 millimeters (1.96 inches) wide, and 110 millimeters 
(■4,33 inches) high. They should be closed with ground- 
glass stoppers, and marked on the outside with figures, 
representing the strength of the solutions; in this case, 
0.025, 0.02, 0.015, 0.01, and 0.005 gramme Cu in 12(t 
cubic centimeters (7.33 cubic inches). The solution to be 
tested is prepared in the following manner : 5 grammes, 
C'T.IG grains), or more, of ore are dissolved, from which 
an ammoniacal copper solution is prepared in the same 
"banner as in the assay with potassium cyanide (p. 125). 
The volume of the solution is measured to cubic centi- 
"leters, and it is then poured into an empty standard- 
glass. The intensity of the color of the solution is com- 
pared with that of the standard solutions, the glasses 
heiug held against a sheet of white paper, and it is ob- 
'^eri-ed with which of them it corresponds in intensity of 
•"olor. The percentage of copper is then calcidated, due 
'■'^Hsideration being given to its volume. 

*5U[)pose 5 grammes (77.16 grains) of ore liad l>een used, find 3011 
'^'-'Viie centimeters (18.3 cubic indies) of solution had been obtained, 
^^ color of whicli corresponded to the standard litjuid containing 
'*J2 gninime in 120 cubic centimeters (7.32 cubic inches) ; the copper 
'^ gmmnies would tlien amount to 1 percent. (120 ; 0.02 = 300 ;i). 

If the assay solution is darker than the darkest standard 
^^lution, it is diluted to a known volume with water, until 
'*^ Corresponds with one of the standards. Should the re- 



In precipitating copper solutions 
monia, the ferric hydrate^ always retai 
equalized tiy iidding, in preparing the si 
iron corresponding aliout lo tlitj perceni 
(assay of slag in Swansea). Organic e 
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verse be the case, tlie solution under examination is evapo- 
rated to a known volume. This method is less acurate 
where high percentages are involved, as errors in obser- 
vation will be multiplied. It is best to determine in 
this way from 1 to 3 per cent, of copper at the utmost. 

m, by means of am- 
s some copper. This error i» , 

indard solutions, a quantity of I 
ige of iron in the assay sample | 
bslances, in presence of nitric 
acid, produce with ammonin a greenish tint, which exerU a dislurh. 
ing effect in comparing this color of the copper solution (theref'i 
itopper-schist should be ignited and filters incinerated before they 
brought in contact with nitric acid). Ammoniacal solutions whidi maj' 
become Inrbid (for instance, if diluted with ordinary water cotilaimDj 
lead) are allowed to become clear, and are litlored once more. 

2, Jaquelin-Subert's method for considerable perf-ejil- 
ages of copper. — Only one normal or standard solution ol 
known strength is used. This is compared with the 
solution under examination in a graduated glass tube 
(calibrated). If richer than the standard, the assay solu- 
tion is diluted to correspond with the former ; and if 
poorer, the standard solution is correspondingly diluted. 
until an equal intensity of color has been obtained. From 
the relative volumes the percentage of copper is then 
readily calculated. The standard solution contains 0.5 
gramme (7.71 grains) of copper in UHIO cubic centime- 
ters (61.02 cubic niches). As errors of observation may 
easily occur, a gravimetric or volumetric assay is fre- 
quently preferred for larger percentages of copper. 



■ B. u. h. Ztg. 1 
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30. PRINCIPAL OBE.S. 

Native silver : amaltfam, A^and. Hg,\vitb 26, .5 to86Ag; 
antimonial silver, Ag and Sb. with 59 to 84 Ag; silver 
telluride (hessite), Ag^Te, with fi2.79Ag; diver glance, 
AgjS, with 87.1 Ag ; hriith silver ore (sfephanife), 
AgjSb S4, with 68.-76 Ag ; rnhj/ silver (pi/rargi/ri/e), 
Aga (Sb, As) S3, with 65.38 to 59.98 Ag; miai-gtjriie., 
AgSbSa, with ^bMKg; ■polyhadte, Ag{Cu,Fe,Zti)„Sb 
(As)Sfl, with 64 to 75 Ag; etromeyente, CuAgS, with 
53 Ag; Ttom silver^ AgCI, with 75.26 Ag; iodt/rite (^sHvei' 
iodifJe) Agl, with 46 Ag ; liromyrite (silver bromide) 
AgBr, with 57.45 Ag. 

IL The fire-assay methods are based upon the principle 
of decomposing the silver ore by means of lead or lead 
oxide, collecting the silver thus set free with an excess oi' 
the lead, the slagging off of foreign substances by suitable 
fluxes, and the cnpellation of the lead button to seimrate 
the silver. The collection of silver in a lead button is 
effected, according to the nature of the foreign admix- 
, either in a scorlfier (scorifieation assay) or in a 
iicible (crucible jssay), 

rucible assay permits of a large c]iianlity of Hsaay sample being 
i (wtiieh reduces the error froin a loss of silver), and for tliia rea- 
, it may be especially recommended for poor ores and such com- 
ponnds as are free from anlimony and arsenic (chloride, bromide, and 
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I Blossom, Gold iind Silver Assays, in Am. Chemist, Jan. 1871, p. 25 
Aaron, Pruct. Treatise cm Testing and Working Silver Ores, Sftn Frs 
eiaco, 1877. 
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iodide of silver and slsigs), uud also for ores or sweepings of a veiy 
complex connposition. Tlie tcorijication asiay is better adapted for 
ores containing sulpliur, antimony, and iirsenic, though likewise for 
otljer ores, so that this may be called an assay of general applicability! 
but, nevertheless, for the tirst-named ores, etc., the crucible assay Is 
simpler and cheaper and the result is more quickly attained. In 
America the crucible asMay is chiefly need, while tlie scorijication 
aaay is preferred in Germany, although neither possesses any male- 
rial advantage over the other.' 



Wet assays are less commonly used. 

I. Fire Assays. 

A. CoUecfwg the silver nnth lead. 



1 oxidiziia 1 



1. Scorification assay. — This consists of an oxidizu^ 
fusion of tlie ores with lead, which becomes oxidized and 
■ yields up oxygen to the metallic sulphides, arsenides, and 
antimonides, forms a slag with the oxides thus formed 
and with the earths which may be present. The slagging 
off of biisic earflis is promoted by an addition of borax 
glass. The following points must be taken into conside- 
ration in preparing the charge. 

a. The quantify of lead to be used will depend on 
whether the metallic sulphides, arsenides, and antimo- 
nides are easily or difficidtly decomposed by lead oxide 
(p. 79), or whether they are entirely absent. Either gran- 
ulated lead free from silver, which is measured (p. 31), is 
iised, or argentiferous lead, whose percentage of silver is 
deducted from the assay by placing the silver button ob- 
tained from a corresponding quantity in the balance pan 
with the weights in weighing. 

Lead svlphide is the ensiest to decompose, next the sulphides o, 
and ziJic, and then copper sulphide. The most ditHcuit * 
phurized and araenized nickel and cobalt oret. 



' B. u. h. Ztg. 1867, i>. 103 ; 1874, p. ( 
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6. The quantity of borax depends on the degree of in- 
fusibility of the gangue (silicic acid and aluminous sub- 
stances require but little, and lime and magnesia, much 
borax) and of the metallic oxides which are formed 
(ferric oxide, zinc oxide, stannic oxide, and nickel and 
cobalt ores require much, oxides of copper, bismuth, etc. 
but little). 

In all cases, but little borax should be taken at first, to prevent the 
entire surface of the charge from being covered, as this would exclude 
the air. If more borax is necessary, it is added before the final heat- 
^^g* Much antimony and zinc oxide cause the cupels to become full 
of cracks. 

c. The number of samples to be taken to control the 
accuracy of results will vary according to the richness of 
the ores, their want of uniformity, etc., from 2 to 10 or 
ffiore. 

d. If the ore contains less than 1 per cent, of silver, 5 
grammes (77.16 grains) or about ^ A. T.^ are taken for a 
charge, if more than 1 per cent., 2.5 grammes (38.58 
grains) (from ^-^ to ^-^ A. T.), and of very rich ores, 1 to 
^•5 gramme (15.43 to 7.71 grains) or about -^^ to -^^ A. 
r. In assaying very poor ores, the lead buttons obtained 
by scorification are concentrated by further scorification. 

The following table gives some examples of various 
(charges : — 

^ Assay ton =29.166 grammes. 
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Argentiferous substances. 



Amalgamation residues 



Antimonial ores . . . 

Antimoiiial silver . , 
German-silver, or China 

silver 
Arsenical ores . . 

Galena, pure . . . 

** siliceous. . 

*' zinciferous . 
Lead speiss . . . 



Lead matt . . . . 

*^ nickeliferous . 

Bronze 

Darrkupfer . . . 
Milling silver ores — 

common . . . . 

basic 

acid 

siliceous . . . . 
Iron, cast iron . . 

Fluthafter . . . . 



Refined copper . . . 

Sweepings, argentifer- 
ous and auriferous 
Hearth bottoms . . . 
Gun-metal 

Kiehnstocke . . . . 
Cobaltiferous ores . . 
Cupriferous ores . . . 



Test lead: 

times the 

quantity 

of 

substance. 



Borax 

glass : 

per cent. 



12 to 15 to 15 



16 

33 
20 to 24 



200 

300 
to 40 



to 16 ; to 50 



6 



to 15 



to 11 ; 20 to 30 



10 to 20 



15 to 25 



9 to 20 ! 12 to 25 
11 to 14 



20 to 24 



18 to 20 

12 to 15 

8 

8 

12 to 14 

8 to 12 



12 to 15 



18 to 20 

8 to 9 

8 
20 to 24 

18 to 20 
20 



20 to 25 



10 

to 15 
25 to 50 

0to20 
10 to 15 

2 to 3 
1 glass 

15 



lto5 

0to20 

10 to 20 
20 to 25 

10 
15 to 20 



Remarks. 



10 to 20 ; 10 to 15 



Two &ssay samples, each •'> 
grammes (77.16 grains, or say 
i A. T. ) are scorified, and tlie 
two buttons obtained are cup- 
elled. 

Assay sample 1 25 grammes, 
about ^5 A. T. 

The same. 

2. 5 grammes (38.58 grains, xV *® 
tVA. T.). 

Require a high temperature in 
scorifying. 



2.5 grammes (^8.58 grains, t:V 
to^i^A. T.) are used for t^lie 
charge. The buttons obtain ed 
from two assays are aga-^^ 
fused, with a little borax ^^ 
first, then with addition ^^ 
more. 



2.5 grammes (38. 58 grains, from 
tV to tV a.. T.) are used eLnd 
repeatedly scorified. 

Charge same as above. 



The iron is first oxidized in f*® 
muflBie by admitting air, or ^y 
means of nitric acid. 

Several assays, as many as ^" 
are made, and the lead buttons 
obtained are scorified into one, 
and this is cupelled. 

Charge 2.5 grammes (38. 5o 
grains, j\tx>j^A, T.). 

See p. 22. 



Charge 2.5 grammes (38.58 

grains, -^ to y^j A. T.). 
The same. 
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linen th> 


Bucsx 


. 




•>'■ qai-n^lllr 


per ceol. 


RsDirkt. 


Copper matt . . 


. . latoin 


10 to 1.5 




Brasfl .... 


. .l30i<>34 


IS to 20 


TUe same. 


Nickeliferoiisorea 


. .1 20 


in to 20 


The same, ■ 


Furnace (iepoaita. 


. . 12 111 14 


10 to IS 




Raw mutt . . . 


. . loioia 


to 80 


Only a small quantity of boras 

fti first. 
The same as flulhaner. 


SlagH 


. . 13 to IS 


10 to 15 


Black copper . , 


. .18 to so 


10 to 16 


Charge 2.5 grammes (38.58 
grains. ,'„ to ,i, A. T.). 


RpsidHcfrom llieam«l.:i 






gamationofbliick 
per and extracti 


r^f 8'"^° 


110 10 


TUe same. 


silver 


J 






Zinciferous ores 


. . 1011.16 


15 to 3.5 


Fusinn at a high temperature. 


Argeutiferous zinc 


. . 16 


18 


Cliarge 1,25 grammes (18 39 
grains, ahout^ A. T.)of Einc 
nxide wUli IS parts of lead and 
18 parts of boras. 




. .,20 to 30 


15 10 35 


They are scorified several times. 


Argentiferous tin 




16 


10 


Charge 1.3B grammes (19.29 
grains, about ,', A.T.) of stan- 
nic oxide, wi'lh 18 parts of 










lead and 4 parts borax glass. 



The quantity of test lead required according to the 
foregoing table is measured or weighed off, and divided 
approximately into two parts. The accurately weighed 
assay sample is mixed with one-half of the lead in the 
bottom of the scorifier, and the mixture is covered over 
with the remaining part of the lead, and finally the borax 
is added. The charged scorifier is placed in a stronglj' 
heated muffle, the mouth of which is closed, and a strong 
draft kept up fur the purpose. The lead will soon com- 
mence to fuse, and in sinking down absorb silver from 
the ore. This, on rising to the surface, is roasted ofi^, and 
is strongly oxidized by the lead oxide formed at the same 
time. During the oxidation slag is tbrmed from the edges 
of the scorifier, by the combination of another part of the 
lead oxide with the metallic oxides and earths that are 
present, and with the Ixirax. The time required for this 



first heating (roasting and fusing) is from 25 to 30 minutes 
when a completely fused ring of slag, without adherenc^e 
to the edge of the scorlfier, will show itself. (Refractory 
ores, snch, for instance, as contain zinc, cohalt, and nickel, 
or which contain considerable lime, require the strongpest 
heat, and, should they not completely fuse even then, a 
sufficiently large addition ol borax must be made belox'e 
the final heating.) The second jieriod is that of the 
" scoriftcation." The fire is checked, and the month ol 
the muffle is oi>ened, until, by the continued oxidation of 
the lead and foreign metallic componnds, the entire sux*- 
face of the lead is covered with slag. This will require 
from 20 to 30 minutes. The month of the muffle is then 
closed, the heat raised, and a final heating of 10 to 1 -5 
minutes is given to render the slag completely fluid. 'r*lx« 
scorifier is now taken from the furnace, and allowed to 
cool in the scorifier or poured off. Alter cooling off, tl^^ 
lead button is carefully freed from slag and hainmei-^^ 
into the form of a cube, with truncated edges and come*^^- 
The time required for the entire operation will be froi^ 
I to 1^ hour, according to the degree of fusibility of tli* 
ores. When the ores are very poor, a number of tl^* 
lead buttons which have been obtained are placed on ^ 
scorifier, either with or without borax, and scorified ^^ 
indicated above. If necessary the concentration is T^' 
peated until finally one button containing the entire pe*'' 
centage of silver is obtained. A second scorification i* 
also advisable, in case the button, he too large., or when ** 
contains much antimony., arsenic, or copper. A percent^ 
age of nichei will exert a disturbing infliience in cupcll^' 
tion. A cupel will usually absorb about its own weig"!* ^ 
of litharge, from which the proper size of the button may 
be estimated. 



J 
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Hungary : ' Two sampleg 

, T.) are each clinrged witli 8 10 16 
Bueli a manner tlmt one-lliird of it is m 
silver flux (2 parts of melted Vitlatk litli 
borax), and covered with the remainin; 
5 grammes (77.16 grainn, ab. ^ A. T.) 



grammes (38.58 grains, about 



^ W itt 

r; 



inulated 1 
with the ore and Bome 
! and 1 part of calcined 
o-thirds. Lower Harz i 
ixed in the scorifier with 
(771.61 grains) of gruniilaled lead and 0.75 to 1 gramme 
(11.57 10 15.43 grains) of Iwrax, and covered with 0.5 gramme (7.71 
grains) of borax. The cupeU consist of 3 parts wood-ash and 1 part 
bone -ash. 

With chloridized ores : A charge of J to 10 grammes ("7.1G to 
1.54.32 grains, J to ^ A. T.) of the ore is scorified with ten times 
its weight of lead, and cupelled to determine ihe percentage of silver. 
In a second sample the silver chloride is dissolved out by lixivialion 
ifith sodium liyposulphiie, and tlie residue is scorified, etc., for the 
of the unchloridized silver. 



2. Cinieihh amaT/. — In this method of assaying, the ore 
is fused with lead oxide (litharge, white lead), in order 
to decompose the metallic sulpliides (p. 78), with flux- 
ing agents (potash, borax), for slagging off' oxide and 
earths, and with some carbonaceous substance (charcoal 
powder, flour, argnl. black flux), for reducing the 
lead which then collects the silver. The quantity of 
the reducing agent will depend on the reducing power 
of the ore. It should be so gauged that the lead 
button prodnred shall not be too large in order to pre- 
vent a notable loss of silver in cupellation. Ores con- 
taining a large percentage of antimony, arsenic, and zinc 
should be previously roasted, to prevent the formation ot 
oxysulphides, etc., which are difficult to decompose, and 
which carry silver along with them into the slag; 5 
grammes (77.16 grains, ab. J A. T.) of the finely pow- 
dered ore are mixed in a crucible with 40 grammes 
(617.29 grains) of a flux consisting of 1.5 parts of lith- 




13f 



I 



arge, 0.15 part of potassium carbonate, and 0.08 part of 
flour. This is covered with 25 grammes (385.80 grains) 
of litharge, and this in turn with about 4 grammes (61.73 
grains) of borax. The crucible should have smooth sides, 
a diameter of 45 millimeters (1,77 inches) at the top, and 
of 30 millimeters (1.18 inches) at the bottom, an inside 
height of 145 millimeters (5,70 inches), and outside of 165 
millimeters (6.49 inches). The charged crucible is then 
placed in the furnace upon a bed of glowing coke, which 
should cover the grate to a height of from 100 to 150 mil- 
limeters (3.93 to 5.9 inches), and is then suiToundcd up 
to its rim with wood charcoal. The furnace is left open 
for the first quarter of an hour. After the coal has been 
replenished, the cover of the furnace is put on and the 
fusing is continued for a quarter of an hour longer. The 
crucible is then taken out, allowed to cool, and the lead 
button, which should weigh from 20 to 35 grammes 
(308.64 to 385.80 grains) is freed from slag. (Chile,) 
The same quantity of litharge as used for the assay is 
fused at the same time, but without ore, with fluxing 
agents. The lead button is freed from slag and cupelled, 
to determine the percentage of sUver, which must be de- 
ducted from the assay-button. Or, 5 grammes(77.16grains, 
ab. ^ A. T.) of ore are fused with 50 grammes (771.61 
grains) of lithage, 3 grammes (30.87 grains) of argol, 
12 grammes (185.19 grains) of sodium carbonate, with 
a covering of common salt, and the resulting lead button 
is cupelled. White lead is sufficiently free from silver, 

Mexiean charge:' 20 gninimea (308.64 grains, about | A. T.) of 
ore, 66 grammes (1018.53 grains) of litharge, (lie same quantity oC 
sodium carbonate, and 3 grammes (46.30 grains) of charcoal powder 
are mixed in a crucible of the above dimensions and covered with 20 
grammes (308.64 grains) of common salt. 40 assays are put in tlie 

1 B. «. li. Ztg. 1874, p. 86. 
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r which Ihe 
e fused for a 



half an hour longer. 06 grammes (1018.53 grains) of litharge are re- 
duced, and the amount of silver found is deducted Another eharife is 

MS follows: IG grammes (246.92 grains, about ^ A. T.) of ore, 48 
grammes (740.7.7 grains) of litharge, 60 gmmmes {925.94 grains) of 
sodium carbonate, 16 to 20 gnunmes (246.92 10 308.65 grains) of 
[wwdered charcoal, which is omitted when a large jiercentage of iron 
pyrites \i present. — Another charge is; 2 grammes (30.87 grains, 
about -^ A. T.) of ore, 25 gmmmes (385.80 grains) of litharge, 10 
grammes (154.32 grains) of sodium carbonate, and a covering of com- 
mon sail Spain:^ 5 grammes (77.16 grains, about ^ A. T.) of ore 

are fused in a crucible with 20 grammes- (308. 6S grains) of litharge, 
borax, black flux, or potassium carbonate and flour, with a covering 
of common salt — English charge : 10 grammes (L54.32 grains, about 
^ A. T.) of ore, the same quantity of sodium carbonate, 50 grammes 
(771.61 grains) of litharge, and 1 to 1.5 grammes (15.43 lo 23.15 
graius) of argol, with a covering of 10 grammes (154.32 grains) of 
common salt and the same quantity of boms. — Gold and silver 
iimepinfft: 10 grammes (154.32 grains) of borax and the Bame quan- 
tity of argol lire poured into a crucible with smooth sides, 75 millime- 
ters (2.95 inches) in diameter on ihe top, and llO millimeter (4.33 
inches) high ; upon this are placed 20 grammes (308.64 grains) of 
litharge. The sides of the crucible are moistened by gently breathing 
upon them, it is then inclined and turned in such manner that litharge 
adheres lo the sides about ^ the way up. 15 grammes (231.48 grains) 
of potassium carbonate and 25 grammes (385.80 grains) of sweepings 
are then added, and the entire mass is thoroughly mixed together with 
a broad spatula. It is then covered wilh 10 grammes (154.32 grains) 
of sodium carbonate, and upon this comes a layer of common salt 12 
millimeters (0.47 inch) thick, and finally 5 grammes (77,16 grains) 
of litharge are strewed around the sides of the crucible. The furnace 
is filled with pieces of gaa-coke the size of a walnut, the coke, when 
it is in a glow, is stamped down, and from 6 to 8 crucibles are placed 
in the lire in such a manner that the edge of the crucible projects but 
little above the coke. The furnace is then closed, and the heal gradu- 
ally increased until the charge ceases to swell up. The temperature 
is then quickly raised for fi-om 15 to 20 minutes, until the charges 



k 
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have become thin floM and flow bright and uniform. The operati 

is therefore finished in about lialf of un hour. The cru(!ibleB ttre n< 
allowed to cool, and the butloua weighing about "22 grammes (339.5! 
gi-aina) are freed from filag and then cup^^Ued. (In assays of larj 
Iota of ore five aaaaya ai'c made.) — Other charges /or iietepinffs : 2i 
grammes (385.80 grains, about | A. T.) of sweepings, the same qui 
tity of minium, 3o grammes (540.13 gritins] of flus (prepared by 
ing 600 parts of potassium carbonate, 200 parts boras, 100 pai 
glass-galls, 100 parts Goda, 30 parts saltpetre, 30 purts {lowderud cliar* 
coal); or, 25 grammes (385.80 grains) of sweepings, 20 grami 
(308.64 grains) of common salt, the same quantity of sodium car-^ 
bonate and of potassium carbonate, 25 grammes (385.80 grains) of 
lithai-ge, 10 grammes (154.32 grains) of argol, and the same nuanlity 
of powdered glass ; or; 25 grammes (385.80 grains) of (iweepings, 20 
grammes (308.04 grains) of litharge, 25 grammes (385.80 grains) of 
flux (1 part potassium carbonate and 1 sodium carbonate), 
ering of common salt. Tiie charge is kept in the furnace until quit 
fusion, requiring about three-quarters of an hour (Braubach). — Slagt 
10 grammeB(154.32 grains, about ^ A. T ) of slag, IdOiolSO gramii 
(2314.85 to 2469.17 grains) oflithargp, 2 i grammes { J8.o8 grains) 
quartz, and 0.25 gramme (3.85 grains) of charcoal powder, Tl 
charge is fused in a crucible for 20 minutes alter the development 
gjis in the furnace has ceased, and the buttons of two thai'ges 
pelled together (Pribram). — Freiberg: 7.;i grammes (115.74 
about ^ A. T.) of slag are mised in a crucible with 11 to 15 grammi 
(169.76 to 231.48 grains) of potassium carbonate and flour, 19 to 3( 
grammes (293.21 to 462.97 grains) of granulated lead are strewed on 
top, and the charge is fused for 3 hours in the furnace — Refuge Jrom 
stamping mills: 10 grammes (154.32 grains, about ^ A. T.) of sub. 
stance are mixed in a high crucible (Fig. 39, p. 66) with 60 to 120 
grammes (925.94 to 1851.88 grains) of potassium carbonate and Hoar-j 
upon this is placed 50 to 100 per cent, of borax, next 10 to 15 grammi 
(154.32 to 231.48 grains) of gramiiated lead, and finally a covering 
common salt. It is fused in the muffle-furnace for 1^ to 2 hours. 

3. Gomhined lead aiid silver cLssay. — This method oj 
assaying is used for oxidized lead products (litharge, skim- 
mings, dross), and for galena with at least 30 to 40 
per cent, of lead, and not over 0.12 per cent, of silver. 
Such galena, atler the assay with potassium carbonate, ,1 
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as described on page 92, is fused to a lead button, which 
is then cupelled. This method is not satisfactory after 
the preliminary assay with iron (p. 86), as the iron sul- 
phide will retain silver in varying quantities in the slag. 

Litharge : 20 grammes (308.6-4 grains, ab. | A. T.) lith- 
arge, 15 grammes ('231.48 grains) potassium carbonate 
f and flour, and 5 to 6 per cent, of powdered charcoal, with 
a covering of common salt, are placed in a crucible and 
fused in the muffle-fumace. If necessary, several of the 
buttons ai'e concentrated by scorification (p. 136) and 
cupelled. Slcimwinga and droaa are charged in the same 
manner ; but, should they be very impure, the lead but- 
tons must be scorified with 4 to 8 times their weight of 
granulated lead before they are cupelled. 

B. CapeUatioii of the afgenll/ermts lead {assaying hy 
tJie cupel or cupellatioii). — The lead buttons obtained ac- 
cording to A Nos. 1 to 3 (pp. 132-141) are subjected to 
oxidizing fusion. During this operation the lead is first 
oxidized; the lead oxide yields up oxygen partly to the 
foreign metals, and partly combines with their oxides; and 
'if they are not too refractory (as, for instance, ferric and 
=8tannic oxide, etc.), enters with them into the cupel. 

IF the lead contains mucli antimony Hnd zinc, it is apt to cause 
cracks in the cupels ; copper colors tliem green, and the percenlage of 
copper iiiHj be quantilativel}' determined within cei'tuin narrow limits 
j^by the intensity of the folor. 

The cupels (Fig. 44, p. 68), first carefully wiped out 
with the fingers, then all extraneous matter blown out, 
are thoroughly heated (ignited) in the muffle. They 
are arranged in two rows, six in each row, in the front 
third of tlie muffle,' The lead buttons are now laid 

xidiziug appitrnlus in Fresenius' ZtGchr. 
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hold of with a pair of forceps (Fig. 46/), p. 74) and 
gendy deposited, first in the front and then in the bacls 
row of crucibles. The mouth of the muffle is closed, the 
fire is urged on, and the lead I'used as quickly as possible. 
The lead will at first be covered with a dull, dark film. 
As soon as this disappears, and the lead shows a lustrous, 
fuming surface, the mouth of the mufiie is opened (with 
the exception of a low piece of cliarcoal which is left in 
it) for the admission of air to oxidize the lead, and the 
temperature is lowered, by ceasing to stir tlie fire, to 
lessen the loss of silver. Cold scorifiers are placed in 
several rows above each other back of the cupels, and, if 
the argentiferous lead is very rich, the cooling-iron (Fig. 
48, p. 74), which should be frequently cooled ofi" in water, 
is moved to and fro closely over the cupels. The correct 
temperature is indicated by the arising lead fumes wMrUng 
over the assays, and not slowly creeping over them or rising 
straight up; by the cupels glowing dark brown, by small 
scales of crystallized litharge (plumose litharge, Feder- 
glatte) showing themselves on the inner edge, and by a 
bright but not too wide border of litharge upon the lead. 
If the temperature is too low, the fume creeps slo^vly over 
the cupels; these become too dai'k, a dark rim of litharge 
is formed, and the lead ceases to '-drive." This is called 
a '■'■freezing" of the assay. Frozen assays, if again brought 
to " driving" by a higher heat, and generally some addi- 
tion of lead, cause a considerable loss of silver. Bj' tm 
high a temperature, the lead fumes arise up straight, the 
cupels glow too brightly, neither plumose litharge (Feder- 
glatt) nor a rim of litharge shows itself, and the loss of 
silver increases. At the correct temperature small beads 
of litharge float upon the surface of the lead button, the 
heat to which it is subjected causing convection currents, 
which give the button a motion from below upwards 
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if" driving"), and a convex surface from which the lumin- 
tons beads and patches of litharge are continually thrown 
BIO"w-aids the sides, and are there absorbed by tlie cupel. 
m,s soon as these patches upon the diminishing lead become 
larget towards the end, the scorifiers, wliich had been 
placfd back of the cupels, are removed, the cooling >vith the 
*^ooling-iron is stopped, and the fire is urged on. Towards 
the end the last of the lead is absorbed, and the silver 
hiitton presents itself colored with all the tints of the rain- 
bo \^^Aj-ig'WeHtrtj,cori(sc«/(0»), which gradually disappear, 
hereupon the button solidifies. (If the temperature has 

'G^en too low, the siirface of the button is dull and yellow, 
^HcI the unabsorbed litharge forms lumps or scales about 
^^ ; while otherwise, it is pure silver-white on top and bot- 
tom, and very lustrous.) If the bead is large the cupels 
^J'e allowed to cool off slowly by drawing them to the 
'^OTit of the muffle, to prevent the buttons from '■•sprout- 
***-^" or "spUiing." They are then taken out upon a 
T*ie;ce of sheet-iron, and the buttons (generally of 99.7 to 
*^^-8 per cent, pure silver) are detached by means of a 
T^^ir of pincers (p. 75), and bmshcd off with the button- 
"^■«^Jsh (p. 75). Faultless buttons brightened at a snffi- 
*^i«iiitly high temperature (smaller ones are round, larger 
*^^es hemispherical) should have a silvery lustre on the 
^****faee, be dull silver-white and crystalline on the bottom, 
*tt«l without rootlets. They are then weighed. The 
Blobule of silver obtained from the separately scorified 
^Ti^ cui)elled granidated lead, if tliis was not entirely free • 

"^om silver, is placed in the scale-iran containing the 

!''*eights ; or, the silver percentage of the lead having bei'n 
determined once for all, it may be de(hi(ted from tlir 
results obtained. 






AssayB ol' silver should agree very closely, und if proju'rly eomliioipil 
KK of great accumcy. The resullB of (liiplicute luuuty!! «houM iiul illDi-r 



t'roni t-nrh otlier more tlinn onn-linlf otmce Troy per ronof two thousand 
[lountis. Slioiild » greater Uiffcrence be fomitl, an additional nssoy 
should be made. 

Smaller losses of silver occur in scorifying (■which for 
this reason should be continued as long as possible, so as 
to ohtaiii small lead-buttons rcquii'ing but a short time 
for "driving") than in cupelling, by the volatilization of 
silver, and by the silver oxide passing into the cupel 
with the lead oxide by which it has been oxidized (loss 
by cnpellation, Kapellenzug), The loss increases with 
the temperature and the size of the button, and for 
this reason, with the time required for cupelling, as well 
as with the porosity of the onpels. The percentage of 
loss is considerably larger (2 to 4 per cent.) in smaller 
buttons (poorer ores) than in larger buttons (I to 1^ per 
cent.), hut in the first case can generally not be deter- 
mined by the balance. The smallest loss occurs in gas 
niuffle-furuaces (Fig. 29, p. 55), which have no vent- 
holes in the mitffle. In case the ore contains tfJhirinm, 
the button spouts at the moment of solidification, after 
brightening, and fine globules of the metal are thrown off 
and lost. ^H 

II. Wet Assays. ^H 

B((Uing's vohimetric assay} — 2 to 5 grammes (30,87 to 
77.16 grains) of galena are fused in a porcelain crucible 
with 3 to 4 times its weight of a mixture of equal parts 
of saltpetre and soda. This is allowed to cool off; the 
contents of the crucible are lixiviated with water, heated 
in a porcelain dish, and filtered. The residue is decom- 
posed with diluted nitric acid, and evaporated to dryness. 
The dry mass is then taken up with water acidulatej 

' FreseniuB' Zlaclir. xiii. 171 ; Oestr. Ztscbr. IBTn, No. 27. 
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with nitric acid, heated and filtered. Ferric sulphate, or 
iron-alum is added to the cooIed-ofF filtrate, and it is then 
titrated with a ^ normal solution of ammonium sulpho- 
cyanide. which is prepared by dissolving 0.7 to 0.75 
gramme (10.8 to 11.57 grains) of the salt in 1 liter(1.76 
pints) of water. The titer is made to correspond with a 
ver solution of a known strength, in such a manner 
ihat 1 cubic centimeter (0.061 cubic inch) of the am- 
lonium sulpho-cyanide solution corresponds exactly to 1 
Cubic centimeter (0.001 cubic inch) of silver solutioii. 
Tile latter is obtained by dissolving 1 gramme (15.43 
&i*ains) of chemically pure silver in nitric acid, and dilut- 
ing it to a bulk of 1 liter (1.76 pints). The presence of 
*^opper in small quantities is not injurious, and of that of 
lead is rather favorable, as the white precipitate of lead 
sxilphate, which is formed after the ferric sulphate has been 
*<itied, makes the recognition of the final reaction sharper. 
'^ large percentage of iron gives a brownish-colored solu- 
tion, which does not permit a distinct recognition of the 
"Ual reaction. Larger quantities of copper must be pre- 
viously removed, but cobalt and nickel, if the operator 
"as some experience, admit of an easy recognition of the 
fttial reaction by a yellowish-brown color. The assay 
Requires about three hours, and may be esjjecially recom- 
ftiended when no muffle-furnace is at hand, or if only one 
Sample is to be assayed for which it would not be wortli 
^hile to heat a furnace. The permissible error allowed 
in the smelting works at Pribram is 0.(13 per cent, from 
IS carrying 0.30 to 0.60 per cent, of silver, and the dif- 
lerences obtained by this assay vavy within narrower 
limits than those allowed for dry assays. The assays gi'ie 
equally good results for all degrees of richness, if the 
lena is pui^e and contains hut tittle in>n. 



^^ttalena is p 

L 



32. ASSAYS OP Ar,LOTS. 

These are generally executed by the wet method only 
for silver contaming copper (as, for instance, coins). The 
tlri/ method is mostly used for other alloys, and .they are 
either assayed by direct cujwllation without scorifiration, 
with an addition of lead in case the sample does not q^h 
Teadj contain a sufBcient quantity. ^H 

A. Th-y assays. ^^ 

1. Lead huUion.'—U) to 20 grammes (154.32 to 30H.64 
grains), according to the ^jercentage of silver in it, arc 
directly worked otF on the cujiel ; but if the lead is im- 
pure (slag lead, zinciferous lead), it must be previously 
scorified. Poor lead is slagged off on the srorifier in 
quantities of from 40 to 50 grammes (617.29 to 771.fi'i 
grains), and the resulting buttons are concenti-ated into 
one button by scorifying them once or several times, and 
the collected button thus obtained is cupelled, (for 
instance, 10 assays of 50 grammes each of Pattison' 
granulated lead, which is very poor in silver, are concen- 
trated to one button.) The cupels used for a charge of 
from 10 to 20 grammes (154.32 to 304.64 grains) of gran- 
ulated lead, have an outer diameter of 49 millimeter 
(1.92 inches) on the top and 39 millimeters (1.53 inches) 
on the bottom, a clear width of 37 millimeters (1.4'i 
inches), a total height of 23 millimeters (0.9 inch), and a 
depression of 17 millimeters (0.66 inch). 

2. Silver aviaJgam. — 5 gi'ammes (77.16 grains) of the 
assay sample are weighed off in a watch-glass and gradu 
ally heated in the cupel i'or 11 hours in a moderately 
heated muffle. After all the mercury is volatilized, 6 or 



' Abtreiben mil Sauersloffic B. u. h. Ztg. 
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Kiilnies the quantity oi" lead is added and the charge cn- 
*q»elled (p. 141). 

3. Copper jioor in silver (black copper, refined copper). 

2.5 grammes (38.58 grains) are scorified with 18 to 20 

tirnes the quantity of lead and cupelled, whereby the 
cupel will be colored dark greeu. Pure or plumhil'erous 
copper may also be immediately cupelled with 16 to 18 
times the quantity of lead in one charge. 

4. Cwpriferoti8 silver or fine silver^ (coins, refined sil- 
ver, etc.). — The sample is directly cupelled (?»*»/ msai/) 
^'vit'h a quantity of lead free from silver (simple weights 
of lead in the form of small sticks or round or half-round 
pieces are used, but not granulated lead), corresponding 
to the percentage of copper. Smaller and finer cupels 
(.ffiint cupels) are used. They consist, like the PVench 
*^ipcls, either of powdered bone-ash alone, or of bone-ash 
•itKi lixiviated wood-ash, which makes them more porous. 
I'hey are placed in a small muffle-furnace (mint or fine 
'-'ssciy.fumace. Fig. 28, p. 54), for the better regulation 
*^^ the heat ; or, what is still better, in a gas-furnace (Fig. 

p. 55). Where the percentage of silver is not 



29. 



'^■^own, the approximate percentage^ is first determined 
"y a preliminary assay (cupelling with 16 times the 
H^^antity of lead), or by the touchstone,' so that the proper 
"Quantity which experience has proven to cause the 



HI 



' Probe aber tier I.ampc in Frtseniua' ZUcbr. 1879, p. 83. 
' Cnins : TUe German Rciclismark, German Tliiiler, Auatriao aud Uonlli 
Qurmaii GaUleD, 900 tliDusundtb parts Ag ; English silver coins, 82.5 ; 
t^'rencli small silver coins, 83li ; 5, 3, 1, J, \ franc pieces, 900 ; German 
iilckcl cflina, la Cn and 35 Ni ; German copper coins. 96 Ca, 3 Sn, 1 Zn ; 
i'rencli small coins (5 cunt,), 95,31 Cn, 3.18 8n. 0.44 Zn, 0.35 Nl. 0.58 Pb, 
1,06 Ag. Swiss coin (3 cenL), Cii 58.930, Zn 23.700. Ni 11.501, Ag 5.140, 
fbO.SSO, Co 0.386. 

Dingier, csxiii. 888; Ann. dc Cbemie el Pbys. 1875; Bay, Ind. u. 
Cew. Bl. 1809, p. 130 ; Kick, leclni. Bl. 1873, p. 35; Freseniua' ZlscLr. 
1878, p. 143. 
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emallest loss of silver may he used. "With silver coins, 
in which the silver [lerccntage is known, the preliminary 
assay is unnecessary. 

The numbers given in the following tabic may be taken ^ 
as a guide : — 



Silver 


in Uiouai 


iidtli purfe. 




IIHIO to 


mo . 




1)5(1 '■ 


900 . 




900 ' 


ar.ii . 




800 " 


750 . 




750 " 


650 . 




BOO ■' 


II . 



i 



A sample of the alloy to be assayed, weighing O..E% 5 
gramme (7.71 grains), is hammered out and cut up intd^-*^ 
fine shreds. Generally two assays arc made at one time. -^^ 
The samples from bars are taken from the upper ancfc^*^ 
lower side, and are obtained from pieces weighing aboulP" -*' 
2.5 grammes (38.58 grains), which have been cut out* -*' 
from the lower and upper sides of the bar on opposit^^^^ 
ends. The samples are wrapped up in cornets of fine^^^ 
letter-paper, and placed upon a small assay-plate. When*^^* 
lead granules are not at hand, a piece ol' stick lead i*^ -^ 
weighed out and placed in two thorouglily glowed-ouC^^ -^ 
cupels, standing in the centre of the strongly heated^^^ 
muffle-furnace (Fig. 28, p. 5-i). The Paris mint cupelim^^ " 
have been especially recommended for the purpose. Thein::*^ ^ 
outer diameter is 26 millimeters (1.02 inches) on the top^^ ■^' 
and 22 millimeters (0.86 inch) on the bottom; clear*::;*^ 

width, 21 millimeters (0.82 inch); total height, 14 mil ^ " 

limeters (0.55 inch), with a depression of 8 millimeter^^^ 
(0.31 inch). The mouth of the muffle is closed with ^^=3 
coal, and as soon as the lead "drives" the cornet contain- 
ing the sample is placed in the cupel, the mouth i 
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muffle again closed, and the assay allowed to "drive." 
The mouth of the muffle is now again opened, with the 
exception of a low piece of coal or small piece of iron, the 
cupels are drawn forward towards the mouth of the muffle, 
and the temperature is lowered by partly closing the 
draught of the fnmace, or also by cooling with a small 
cooling-iron (Fig. 48, p. 74), imtil a small ring of lith- 
arge and some plumose litharge (Federglatte) appear. 
The assays are now gradually pushed back, and the tem- 
perature is raised by opening the dmught of tlve furnace, 
so that the assay may "brighten" sufficiently hot, during 
wHich the ring of litharge will disappear, but the plumose 
litharge (Federglatte) remain. The crucibles are now 
drawn, forward towards the mouth of the muffle, and 
Eillowed gradually to cool off to prevent '■ spitting," 
*Vhen sufficiently cool they are taken from the muffle, 
^nd the buttons are removed by means of a pair of pin- 
t^ers and brushed. In successful assays the surface of the 
f>'itton is smooth, with a silvery lustre ou the top, and a 
*iull silver-white color on the bottom. If the operation 
has been conducted at too low a temperature, the surface 
^^ dull, aud has a bluish tint, and the bottom is covered 
^^ith a yellowish or greenish coating of lead oxide. If 
'-"e temperature has been too high, the button is dull in 
"'^ttic places, very lustrous in others, the surlace is sunken, 
'^ is liable to spit, exhibits rootlets, adheres stronger to 
^'^o cupel, and is porous toward the bottom, 'I'lie buttons 
'^^^ then weighed, and, in assays of top and bottom sam- 
ples, either the average percentage or the lowest i>erceu- 
^^e is given. The loss from absorption by the cupel 
vKapellenzug) is added. 



Bars with over 980 thoiiHiinJthii of silvi^r bIiow no ilifTi-i-i.iiw'. if tl,o 
'"frk has been carefully done. To 7'2fi tliouwinilllis ihvy sliow n liif- 
•^erunue of | to 3 tbousundtlis ; from 720 to 710 thouBaiiUtliH, uguui, iiu 



u 



occur at 400 to 200 ihoustkndLhii fineness. Very uonsidertible diffe^^f 
enoes may oucur if llje bara or buttons have been badly tuxed. Tl^^H 
ailver button contains about -2 thousandiha of lead. ^H 

Correclion Table for the Absorption bg the Cupel, determined hy (A^H 
French Commission on Coinage and Medals, ^| 


TroB qniBlltj ot 


LoKUbBHddsd, 


Trnn qnnlltr of 


Ld» to bB .ddlld, 


1000 
975 
9S0 
925 

900 
875 
8nO 
835 
800 
775 
7B0 
725 
700 
675 
650 
m, 
600 
575 
S60 

eas 


l.OS 
1.76 

3.50 
8.35 
4.00 
4.07 
4.15 
4.32 
4.30 
4.41 
•4.52 
4.64 
4.75 
4.73 
4,71 
4.70 
4.68 
4.88 
4.68 
4.68 


500 
475 
450 
435 
400 
875 
350 
335 
300 
275 
260 
825 
BOO 
175 
150 
135 
100 
75 
50 
35 


4.08 ^^ 

0.8S ^H 
0.44 ^ 


In Freiberg somewhat different results have been obiained. Vf* *'' 
refined silver the loss by absorption by the cupel was found to be 0.0t> ^'' 
to 0.002, and in alloys of medium riuhness the loss was greater tW^in 
that stated in the table; for instance, with 750 thousandths anil ^'', 
weights of lead, the loss was S.55 thousandths, but with 11 weight* "' 
lead it accorded with the table, 4.52 thounandths. According '" 
Plattner, fine silver with 5 times the quantity of lead frequently g'"*^^'' 
a loss up to 0.009, refined silver with 937 thousandths and 5 tii»^f^ 
the quantity of lead, 0.0042 to O.OO-'iO ; refined silver with 687 to T' "^^ 
thousandths and 14 times the quantity of lead, 0.0073 to 0.0083. ^m 

B. Wet assails. ^^ 
They are used for refined silver and coin alloi/s of cjl^l 
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per and silver. C-ompared with the fire assay, they allow 
of an accurate determination of the degree of riclmess to 
within 0.5, and even to O.l thousandths. They are more 
frequently volumetric than gravimetric assays. 

1. Volumetric assays. 

a. Gay'LusBOc'e method tcitJi eodium chloride} — ^This 
method is hased upon the precipitation of silver from a 
nitric arid sohitioii by mrans of a standard solution of 
sodium chloride. For this purpose a normal eohtHon of 
cominoti 8a.lt is required, 100 cubic centimeters (ti.l cubic 
inches) of which will precipitate 1 gramme (15.43 grains) 
of chemically pure silver. There is further required a 
decinormal solution of common salt, 10 times weaker 
than the first, and a deciuormal. eolution of diver, con- 
sisting of a solution of silver in nitric acid, containing 1 
niilHgramme (0.0154 grain) of silver in 1 cubic centi- 
meter (0.061 cubic inch) of solution. 

Preparation of the assai/ solution. — The degree of ricli- 
iiess of the silver is approximately determined by a pre- 
liminary assay, the fine assay (p. 147) being generally 
chosen for the purpose. 4 to 6 thousandths parts the 
amount of silver found by this assay, are added to the 
result. It is generally preferred to assume the degree of 
richness a few thousandths higher than is actually the 
case, and to base the calculation for the quantity of assay 
sample required upon tliis, as, to effect the more rapid 
settling of the silver chloride, it is preferable to add, 
(luring the titration, a few thousandtlis from the deci- 
normal solution of salt than to be obliged to add 
from the decinormal solution of silver. The quantity of 

' QayiLaesac, Vollst. Unterriclit Qbcr dtiB Verfnhren, Sllber auf iiaaBem 
Wege zu probiren, BraUQBcbwei^, 1833 ; Mulder, SJIbcrprobirmetbode, 
Leipzig, 1859 ; Muapralt's Cliem., Bd. vi. p. 477 ; BoUcj, Kitndb. der tcchu.- 
chem. UnterBticbmig, 5 AuB. pp. 53, 332 ; Dingier, cxcl. 172. 
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Fig. 54. 



alloy containiug 1 gramme (15.43 fjrains) of silver which 
is to be taken is then calculated (for instance, if the pre- 
liminary assay gives a pcrctmtago of S91 thonsandths, 
then 1.115 grammes of alloy containing 1.000 gramme 
of silver should be taken, 1000 : 897 = k: 1000). The 
sample in the form of shavings or grannies is placed in a 
numbered flask, together with 6 to 7 cubic centimeters 
(0.36 to 0.42 cubic inch) of nitric acid free from chloride, 
and dissolved, either on a water or sand bath. The flasks 
in which the samples arc dissolved arc from 10 to 15 cen- 
timeters (3,93 to 5.9 inches) high, and 5 to 5| centi- 
meters (1.96 to 2.16 inches) wide. If several assays are 
to be made, it is advisable to dip the flasks, 
which are arranged npon a stand (Fig. 
54), into hot water. (A black residue may 
be gold or snlphide of silver ; should the 
latter be the case, some concentrated nitric 
acid is added and the fluid heated, or sul- 
phuric arid used.) The nitrous acid 
formed is then driven out of the flask by 
means of a small bellows with curved extremity, and the 
contents of the flask is treated with the normal solution. 
But as tile influence of the temperature upon the volume 
of the normal solution of common salt must be taken 
into consideration, its titer must always be determined on 
the same day tlie assays are to be made, with 1 gramme 
(15.43 grains) of pure silver -f 1 to ^ cubic centimeters 
(0.061 to 0.12 cubic inch) decinormal solution of silver, 
in order to be able, for the above mentioned reason, to 
use decinormal solution of salt for the final titration. 
The silver solution is then titrated by placing the glass 
flask in the metal cylinder C (Fig. 55) standing upbn the 
sliding carriage B (^Sire's apparatus'). The glass cock 
r (a pinch-cock may he used uistead) is then opened, and, 
' B. u. h. Ztg. 1873, p. 189. 
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accompanied by the admission of air through a, the nor- 
mal solution of sodium chloride flows from the vessel A 



Fig. 55. 
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through A, the thermometer tube 5, and the rubber tube 
^9 iixto the burette e. It ascends in this, and a small 
quantity reaches the saucer g through the orifice /. The 
c^ck c is now closed {h and e may be also directly con- 
^^cted by a rubber tube provided with a clip), and the 
Pipette e, which is now filled, will contain exactly 100 
cubic centimeters (6.1 cubic inches) of liquid. The index 
finger of the left hand is now placed upon the mouth / 
^^ the pipette, the rubber tube d is detached from the 
iowex end of the pipette 6, and the sliding carriage 5, 
^Poix which stands the metal cylinder C containing the 
*^^^k: with the solution of silver, is pushed underneath the 
disclxarge orifice of the pipette. The index finger is now 
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removed from/, and the 100 cubic centimeters (6.1 cubic 
inches) of the solution of common salt are allowed to 
run into the flask, care being taken that the pipette does 
not rest on the neck of the flask. The sliding carriage is 
then pnshed back, the flask is closed with its ground 
glass stopper, and its contents is 
cleared by shaking, which is best 
done by inclosing it in a metal 
cylinder of proper size for the 
purpose. li' many assays are to 
be made, it is advisable to use 
Gay-Lussnc's or Mulder's' agi- 
tator. 

Gay-Liisgac'g apparatus (Fig. 56). ■ 
— A, a Bliind with cylindrical coinpart- 
meiil.8 for tho rcceplioti of the flasks 




■wliich are provided wi'tli well grount^ 
stoppers. The atiind is Buspcnded hy^ 
the handle ef lo the steel spring cd^ 
and is connected below with ft spirat 
spring a h. The apparal.ns ia shaken hy means of the handle ef. 

1 cubic centinieter (0.061 cubic inch) of decinormal 
solution is now added to the entirely clear fluid, standing 
over the precipitate of silver chloride, by means of a 
graduated pipette contained in a flask (Fig. 57), whereby 
the point of the pipette should be placed against the neck 
of the flask containing the silver solution. If turbidity is 
produced, the silver solution is agitated until it is again 
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clear, and 1 cubic centimeter (0.061 cubic inch) of the 
deciiiormal solution of common salt again added, etc., 
until the last cubic centimeter which is added does not 
|)roduce any turbidity. This last cubic centimeter is not 
taken into calculation, and only one-half of the one pre- 
viously added. (For the reason stated on p. 151, it is 
more suitable to use decinormal solution of common 
salt than decinormal solution of sdver for the final re- 
action). 

Calculation. — Suppose the richness of the alloy was 
found according to the preliminary assay to be 897 thou- 
sandths, 1115 thousandths of the sample containing 1.000 
graipme (15.43 grains) would have to be weighed off. 
1000 cubic centimeters of the decinormal solution of salt 
— 1 gramme (15.43 grains) of silver. Now suppose 
1002.5 cubic centimeters (61,17 cubic inches) of deci- 
normal solution of common salt had been used, 1001) 
parts of the alloy would therefore contain 899.1 parts of 
silver. 



In case mercury^ should be present, sodium acetate {Q.h j 
(7.71 grnins) to 5 tliousandtlia of mercury) is added, whieli will pre- 
vent the mercury from being precipilated by the sodium chloride 
aoliiltoii ; or the mercury is previously volatilized by heating tlie 
sample in a small graphite crucihlB in tiie mufHe. For bisimUk some 
tartaric acid is added. In case tin is present, the sample is dissolved 
in sulphuric acid instead of nitriu acid. According to Thorpe, only 2 
|MrtB of silver chloride freshly precipitated, and 0.8 part that has 
been blackened by exposure to tight, are dissolved in 100,000 parts of 
nitric acid. 

Preparation of the normal solutions. — A completely 
saturated solution of common salt is prepared, of which, 
if the salt used is entirely pure, 170 cubic centimeters 
(10.37 cubic inches) contain 54.15 grammes (835.66 




' B. u. h. Ztg. 1870, p 
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grains) of common salt. These 170 cubic centimetci 
(10.37 cubic inches) are diluted to tlie volume of 10 liters 
(17.6 pints). 100 cubic centimeters (6.1 cubic inches) 
of this solution correspond to 0.!>415 gramme (H.3566 
grains) of common salt, which will completely precipitate 
i gramme (15.43 grains) of pure silver. The true 
standard is obtained by pouring 100 cubic centimeters 
(6,1 cubic inches) of the solution of common salt into a 
solution of 1 gramme (15.43 grains) of chemically pure 
silver. This is agitated by shaking imtil it becomes 
clear, and the number of thousandths of common salt or 
silver which remain free are exactly determined by the 
addition of an observed volume of very dilute salt solution 
of known strength, or of a decinormal solution of silver, 
and from this the quantity of water or of common salt 
is calculated which must be added to obtain the correct 
standard. When this addition has been made, a new 
test is made with the standard solution and the deci- 
normal solution prepared from it, and this is continued 
until the solution does not show a perceptible variation 
from the correct standard. The decinormal solution of 
common salt is prepared by pouring 100 cubic centime- 
ters (6.1 cubic inches) of the standard solution of salt 
into a flask capable of holding 1 liter (1.76 pints) and 
filling it with water to tlie liter mark. For the deci- 
normal solution of silver, 1 gramme (15.43 grains) of 
fine silver is dissolved in 5 to 6 grammes (77.16 to 92.59 
grains) of nitric acid, which is then diluted with water to 
1 liter (1.76 pints). 

h. Volhard's assay iinth Bidpho-cyanide} — The solu- 
tion of silver, which should be free from nitrous acid, 



' VoUiard, die Silbertitnrung mit Scliwerelcyanammonium, etc., Leipzig, 
Winter, 1878 Dingier, ccmt 399: B. u. h. Ztg. 1875, p. 88 i 1876, p. 403 
(Lindeman) ; l^ieaemna' Ztschr. xiii. 171 ; 1878, p. 483, 
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lercury, and palladium, and to which has been added 
ime feiTic sulphate, is precipitated in the cold with 
itrated potassium sulpho-ryanide until a permanent red 
iloration from iron remains, indicating that all the silver 
.8 been precipitated. The assay, which is as accurate 
Gay-Liissacs, is simpler, and can be executed more 
lickly, and alldws at the same time of a determination 
a percentage of gold in the same assay sample. 
The standard solution of potassium sulpho-cyanide is 
•epared by dissolving 10 grammes (154.32 grains) of 
chemically pure silver in nitric acid free from chlorine, 
and diluting it to 1 liter (1.76 pints) ; 50 cubic centi- 
meters (3,05 cubic inches) of this solution are placed in 
a beaker-glass and diluted with 3 to 4 times its volume 
\£ water; 5 cubic centimeters (0.3 cubic inch) of a pure 
(liition of ferric sulphate (1 part of the salt in 10 parts 
water) are added to it, and the solution of potassium 
Bulpho-cyanide is allowed to flow to it, under constant 
stirring, from a burette holding 50 cubic centimeters (3,05 
^bic inches) and divided into -^\ and filled exactly to 
!e point, until the color of the solution remains perma- 
tly red. The assay fluid is prepared by placing 10 
grammes (154.32 grains) of the silver in a long-necked 
flask, capable of holding I'rom 200 to 250 cubic centi- 
meters (12.2 to 15.26 cubic inches). It is then dissolved 
the sand-bath in 50 cubic centimeters (3.05 cubic 
iches) of nitric acid free iiom chlorine, of 1.2 specific 
*^avity, and diluted with distilled water. Anv gold 
which may be present is then allowed to settle, and the 
clear silver solution is poured into a flask capable of 
holding 1 liter (1.76 pints). The residuum is several times 
digested with a small quantity of nitric acid, and is then 
icanted with distilled water until the liter flask is nearly 
to the hter mark, and the wash-water shows no 
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traces of silver. The flask in wliic-h the solution was 
made is now filled to the rim with water and inverted in 
a poiTcIain crucible, to remove the gold contained in it, 
and the gold, which is weighed to within 0.0002 gi'amme 
(0.00.3 grain), is further treated according to the assay 
method, which will be given further ou. The solution 
of silver in the liter flask is now diluted to 1 liter (1.76 
pints), 50 cubic centimeters (3.05 cubic inches) of it are 
measured out in a beaker-glass, and titrated with the 
solution of potassium sulpho-cjanido, after addition of 
solution of ferric sulphate. 



Cobalt and nt'eiel produce peculiar tints which can bf: easily dti 
tittguislied from those of tlie reaction of the silver. In case the sample 
cnntuins more tljan 80 per cent, of copper, the red coloring is not very 
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perceptible, and Volhard and J^esenins' have 


: given a modification for 


this emergency; or pure silver maybe added 


to the sample. MerciiTy 


is removed by previous volatilization, and ni 


trous acid must be com- 


pletely removed by boiling, as it decomposes 


BulphO'Cynnic acid, even 


n the cold, while nitric acid will only do so 


when heated. A small 


percentage of chlorine in the solution of polasf 


(ium sulpho-cyanide does 


not cause any tronble, but a large amount of i 


t is injurious. 



2. Gravimeh-ic analysis. — As the solution of coranii 
salt evaporates too much in a hot climate, the following 
method isusedinthe East Indies.^ 1.22gi'amme8(18.825 
grains) of the alloy are dissolved in nitric acid. The silver 
is precipitated by hydrochloric acid, and the silver chloride 
is carefiilly washed out. The flask is filled with water 
and inverted in a smooth washing crucible, and then re- 
moved. The greatest part of the water is decanted ofl", 
and the assay dried, first on the water-bath, and next in 
an air-bath at 150 to 170° C. (302 to 338° F.), and 
silver chloride weighed while still warm. 
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C. Hydrostatic assay. — According to Karmarsch} the 

quantity of silver in coins can be determined firom the 

specific gravity Z, in thousand parts w, according to the 

formula — 

_ L — 8:833 

^~ 0.0016474 

This method is not adapted for very fine alloys, nor for 
such as have been cast and little worked after the cast- 
^^&5 as the results obtained are too high. 

17, GOLD. 

33. GOLD ORES. 

NaUve gold^ with 0.1 to 40 per cent, of Ag, occurring 
^^ quartzose veins (gold quartz), and in pyrites (iron or 
^^pper pyrites, arsenical pyrites)^ and disseminated in 
alluvial deposits (auriferous gravel) ; sylvanite ( Au, Ag), 
'Teg, with 24 to 30 Au and 3 to 15 Ag ; nagyacfite, PbTe^ 
^ith PbS and AuTe^, with 6 to 9 Au and 50 to 60.5 Pb ; 
^^hite tellurium (Au,Ag,Pb)(Te,Sb)3, with 24.8 to 29.6 
^^, 2.7 to 14,6 Ag, and 2.5 to 19.5 Pb. 

34. NON-ALLOYS. 

Sometimes mechanical wash assays are made use of 
^^ an approximate determination of the metallic gold 
^^^tained in poor earthy and gravelly ores. Dry or fire 
^^^ctys {scorification or cruciSle assays) are mostly used 
^^ a more accurate determination of the percentage of 
&^lci in very poor ores; and sometimes the wet assay 
^ ^^^attner^s assay) also. The taking of assay samples re- 
HUij-es the utmost care on account of the very unequal 
^istxibution of the gold in the ores (pp. 20 et seq.). 

^ Dingier, ccxxiv. 565. 
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A. Mechanical aseay hy ii;a^hing, for determining the- 
approximate percentage of gold in earthy and gravelly 
minerals^ pow in gold. The sample is rubbed as fine i 
possible and sifted. Al)out 20 grammes (308.64 grains)! 
of it are washed with water in a vanning trough (Fig 
p. 29), until the pure gold begins to show itself at thea 
upper end. The quantity is either estimated or weighed^ 
or measured by bringing it into a narrow strip about 0.3^v- 

uiillimetor (0.014 inch) wide (Hungary and Transyl 

■vania). Sometimes it is also amalgamated with mercury"" 
and ignited in a small crucible (Transylvania, UniteA — 
States). 

Montana: .'i kilogi-umtncs (II pounds) of earthy gold ore are take^B- 

from Llie heap, powdei-ed, mixed, and sifted. The coiiiiie gold remftin 

ing in the sievi; is weiglied and assayed by itself; 500 grumme^^ 
(17.64 OES.) of the line sifted matter are |)hiced in ibe vanning Irougls- 
(wasli-irougli) (Fig. 4, \i. 20), mixed with some waterand 5 grammes 
(77.16 gniins) of mercury, and slowly washed for two hours (if the 
waler shows an acid i-eiietion, some caiiBtic soda is added), and finally 
some pota.sgium cyanide is added, the amalgam completely pnritied^ 
mercury is removed bv glowing the mass gently in a crucible or retort . 
The residue is cu]>ellpd wii h lead, and the alloy separated hy inqiiarta— 
tion and parting ; li lo 8 assays are made and the average is taken. — 
Australia: 1 kilogi'umme (2.3 pounds) of gravelly gold ore is dead- 
roasted. It is then placed in an iron mortar and mixed with water to 
a stiff paste. A tublespoonful of mei'cary is added and thoroughly 
rubbed together with t!ie paste ; and, after a sliort time, another table- 
spoonful. The mass is then washed in an enamelled dish, and the 
amalgam collected and distilled otf. This method will give from SO 
lo 90 per cent, uf ilie quantity of gold which would he obtained hy » 
fire assay. 

B. Fire or fiimuii, assays. — The object of these assays 
is to collect the gold in the lead (^smelting with, lead by 
the scorificaiion or vrvcihle assay), and to separate the i 
gold by ctipclHng the auriferous lead button. In case { 



1 B. n, h. Zlg. 1868, p. 371 ; 1868, p. 1^7 ; 1S75, p. 811. 
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the gold button shoiild contain any silver, this can be 
separated by the wet method by means of nitric acid 
(^inquartatioti). Whether the scorification assay or cru- 
cible assay is to he chosen depends principally on the 
foreign admixtures (earth or gravel), and, as a general 
nde. the same rules hold good here that were given for 
silver ores (p. 131). 
^^1. Smelting the gold vnih lead. 

WpVi. Scorijication axeay for oretf of evert/ kind. — ().;) to 
^fl grammes (7.72 to 154.32 grains), according to the 
degree of richness of the assay sample, are weighed, and, 
if the material is ]>oor, a sufficient number of assays is 
made so that the button which is obtained does not 
weigh less than 0.05 to 0.21) gramme (0.77 to 3.08 
grains). The same ride in regard to the quantity of 
granulated lead and borax is observed as in the silver 
assays, and the assays arc executed in the same manner. 

b. Crucible assni/. — Poor, earthy, and oxidized ores 
can be assayed by this method witliout preliminary pre- 
paration, but those containing sulphur, antimony, and 
arsenic must bo previously roasted. It is less adapted 
for ores rich in gold and copper than the scorification 
assay. It is simpler and more convenient, as it allows 
of operating with larger quantities, especially when the 
substances are poor in precious metal, and is more accu- 
rate than the scorification assay, as the losses are dis- 
tributed among larger quantities* of assay sample. The 
assay sample is fused with granulated lead or litharge 
and reducing and fluxing agents. Smelting pots or cru- 
cibtes (Fig. 42, p. 67) the same as in the corresponding 
silver assays are used. The assay is fused in the ordi- 
nary furnace, or in a gas-furnace (p. 59). . 

Substances with earths and oxvien (gold quartz, 
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slag, gold swoepings). — They are fused in an unroasteil 
condition. 

Sreeepingt, as sluted on p. 140. American ijold oreti 50 gramme* 
(771.fiO grains) of ore, 70 grammes (1080.20 grainaj of dr7 sodium 
carbonate, 100 to 120 grammeB (I.i43.23 to 1851.88 grains) of litliargf 
(or a corre8|ion(iing quantity of white lead), and 6 to 8 jnrtsof powdereii 
chaii;onl. 'I'lie ore, litliurge. and cliari^oHl are tirst mixed logetlier, 
RDil tlien with the fluxing itgt^nt; nnd, incase Diilpliur should be preseiif. 
K smitll piece of iron wire i» added. The cliurge in placeil in a amuotli 
Frencli clay crucible an4,fuseil for ball' an lioiir at an iutense \te9i in 
the furnace. It ia tben floured out, after which the nlicible eun be i 
used seTeral tftncs more. 

The results from 100 pounds nf golit'.quariz by tbe .scorifies tion and ' 
crucible assay may be given he follows : — ' 

If 100 pounds of gold quartz give They give by crucible MMy : 
by Bcoriflcation assay : 

parts of pounds. parts of pounds. 

12.5 12.25 



0.14 
0.09 



1.6 
(1.14 

0.088. 



Rhfintand: 500 grummes (7716.17 grains) of'ore are mixed «"! 
200gi-animes (308(i.47 grains) of soda, 300 grammes (4G29.70 grain.-. 
'of potassium carbonate, anil 50 grammes (771.01 grains) of hnn'^- 
Upon lliiP are scattered 20 grammes (308.fi4 grains) of graniiM 
Ivad free from gold, ujion this come a thin layer of soda and a co^''''' 
ing of common salt. 

5. Ores, etc., with combinations of fnilphur, antimowj- 
. or arsenic. — larger quantities, 0.5 to 1 kilogramme (I' 

to 2.2 lbs.), are roasted so that buttons weighing not Ic^' 

thau 0.05 to O.'iO gramme (0.7T to 3.08 grains) are i>l> 
. tained. The roasting is done in small clay boxes alvHil 

200 millimeters (7.87 inches) long, 70 to iM> milliu>ctci> 
. (2.75 to 3.54 inches) wide, and 40 to 50 miilitnetcts 

(1.57 to 1,9^ inches) deep. The ore is placed in these 
, boxes and roasted in the muffle, being carefully stirred 

meanwhile with a stirring rod. Or the ore may be 
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placed upon a plate of sheet iron with upturned edges, 
whirh lias been previously covered with a coating of clay, 
reddle, or chalk, and is then roasted over a brazier, or in 
a furnace until the fumes cease to be evolved (according 
to Winkler, Tscheffkiii, and Merrick, a loss of gold 
occurs during this operation, which Ci'ookes denies). If 
copper pyrites, antimony, and arsenic are present, it is 
best to add charcoal and ammoniiun carbonate in roast- 
inji. The charging and fusing of the roasted sample are 
done in the same manner as that indicated in tlie assay 
for silver (p. 137). 

Pj/ritti poor in gold: .500 grammes (^77IG.17 grains) of the roasieil 
on! are mixed witli the same quantity of niimulated lnHd free frt-m 
gold, 12a graoimeK (1929.04 grains) of blauk Hux mid tlie wkme quao- 
I'ly of glasB. The charge is funeil for two hours in a Hefsian crucible 
■o llie furnace. Th« resiiltiDg button is flullened on an nnvil and cut 
"P in ]>iece8. The aeparalf pietes are cuntentmted on a scorificr, and 
the hiiiton tliuB obtuiiittd is cutielled. iXiO grammes (7716.17 grains) 
'^f ore are roBsleil and mixed with Hi, to 250 gramrnea 0^29.U4 lo 
3^8.09 gniias) of potiiesa or soda glass. 1 2.i grammes ( 1 929.04 graiiie) 
"i' bltii^ flux, or -250 grammes (38^8.09 grains) of potassium c;ar- 
'wftie, and 32 grammes (4S3.i<?> graini') of flour, then covered with 
'1(111 grammes (7716.17 grains) of granulaii^d leiul free from silver, anrl 
'> layer of common Miit. The entire charge is put in a Hessian cruci- 
'lie ami fused for 2 hours in the furnace, or il is distributed into Beveml 
Braaller crucibles (Fig. 24, p. 49). 
Huriffvria* tmrlliag workt: 1 Vienna pound (^560 gntnmes ^ 
12.11 graine) of auriferous subsiance is roosted upon a clay plate over 
ing coalfi. The charge conaisis of 3 |>oundri (^ 1 6HU grammes ^ 
16.3 grains) of VillaeA red litharge, '2 pounds (^= 1 12() grammef>^= 
17284.37 grains) of dry potash, j pound (=140 grammes = 2l6*J..v3 
grains) ot^ resin, and 1 loth (^ 14,5 gmmmes ^ 223.73 grains) of hard 
coal. This U mixed and distributed in cnicibles in such a manner 
on the bottom comes Ural a s|>oonful of the mixture, and, upon 
A|UM)nful of the roasted sample. These are then mixed together i 
tire i^ placed another spoonful of the mixed lluxeH, and 
ig of common salt. 115 to 125 crucibles clmrgad In 
are healed for from 20 to 30 niinntes in the furnace, or a 
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amall nunibiT in liie muffli^. The resulling bullons are parlly cii[wlle= d 
and tliose butions wliioli liave not bri^hiened are wrapped up ir-» t 
cornet of lend foil and clipelk'd logutlier. The aurilerouB silver oli- 
tained must weigh about 10 mint pounds nA^ay weight, and Ibe gold 
buttons to be aeparuted from Ihis aboni 0.1 mint pound. Aven&gt 
difference 0.001 mint |)ound. 

2. CvpeUafion of the unH/eroiiB had. — The process is 
the same as for silver with the exception of a hotter 
"driving" towards the end of the assay, so that no 
plumose litharge (Federglatte) remains. If the assay 
sample is poor, the separate lead buttons are either en- 
tirely cupelled or only partly. In the latter case they are 
wrapped in lead foil and cupelled together. The re- 
sulting gold button is then weighed, and, in case it con- 
tains silver, this is parted by means of nitric acid. We 
will only briefly mention the process here, as it will be 
more thoroughly explained later on in treating of gold 
and silver alloys (§ 39). 

The button is flattened out on the anvil and placed in 
a flask with a very narrow neck, and then heated with 
nitric acid of 1.19 specific gravity, a. When the laminor 
ted button breaks itp and brown flakes of gold are sepa- 
rated, this being an indication that a sufficient quantity 
of silver is present ; the heating is interrupted when no 
more nitrous acid is developed. The gold is allowed to 
settle, and the liquid is then carefully decanted. It is now 
washed twice by decautation with boiling distilled water. 
The flask is then entirely filled with cold water and in- 
verted in a clay crucible, or a small porcelain saucer, and 
when the gold has dropped into the crucible, the flask ia 
carefully withdrawn over the side. The water is then 
poured ofi", the gold dried, the crucible then strongly 
heated, and finally the adherent gold is removed and 
weighed, h. When the flattened button does not brenk vp' 
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'he acid is poured off and Hie sample decanted with cold 
Water. The dask is filleil with, cold water mid inverted 
»n a porpeiatn dish and withdrawn over the side. Ai\ee 
the water has been poured off. the buttun is dried and 
'•Tapped, with three times the quj.ntity of silver, in a 
comet of lend foil or ivith ^mauiutfd lead in ii comet. 
«U3d capelled. The button, tontaiuiiig uow a sufficient 
quaotitT of silver, is parted with nitric acid. In the 
TJpper Harx the percentage of gold is uot taken into cal- 
onlatioa when 10 assay centner (^ 30 atamuies=; 771.69 
giaios) contain less than 0.5 parts of pounds {^= ."25 luiltt* 
^rramaie = 0.0038 s^^iin) of gold. The biUtims obtained 
torn gold ores are, a.s a rnle. richer in gold than in silver, 
and reqaire an addition of '* to 'i^ times the tiuantity ol 
*alver, while those from avirilertuis silver ores, pyrites, and 
•Halt contain gcucnilly less than | to ^ of gold and re- 
•^uire no addition of silver, 

C. Wet assatf{PhiffNers chlorinalion priH'ess'). — This 
is sometimes used for very poor ores' 50 to t?00 grammes 
(771.62 to 30S6.4:7 grains) of earthy or oxidizeil ore, or 
'^-ompleteli/ roasted pyrites, are sligUlly nioistenetl wiili 
\vater and placed in a tubidated glass cylinder, the bottom 
of the \essel I)eing first cohered with piecvs of quartz. 
Here they arc treated with chlorine gas for aliont 1 hour. 
The gold chloride formed is lixiviated with hot water, 
id the solntion heated to expel the free chlorine, Sohi- 
ion of ferrous sulphate and some hydrochloric acid is 
added, which precipitates the gold in a metallic state. 
It is then iiltercd and washed, the filtrate is dried and 
cupelled with 5 to 10 grammes (77. IG to l">4.;J'ii grains) 
of granulated lead. Wagner recommends the ilecompo- 
sition of the ores with bromine^ instead of chlorine. 






' Plnllner-IliclHei-'a LflllirolirprobJrkimsl, 1805, p. 540. 
' Dingier, ccxix. 544. 



35. ALLOYS OF GOLD. 

The principal alloys of gold which will be especiallj 
considered here are those with silver, with stiver and co/i- 
per, and with cop2>er. 

Gold amalgam is distilled in a gliuo retort, and the residue is care- 
fully scorified with 8 [inrts of grnnulated lead ([). 135). Aurifero'ii 
had and bismuth are directly cupelled, bui if they contain too amalJ ii 
qunnlity of gold, they are first slagged off on the scoriiier (p. CG). 
Auriferous iron, steel, elc., an) dissolved in nitric acid and evapomleil 
to dryness. The dry mass is scorified with 8 to 10 parts of granulufe'' 
lend and some borax. 

A. Alloi/s of gold and silver, imth or tcUhout copper.'- 
The separation of gold from silver (called " quartatim" an 
account of the proportion of gold to silver as 1 : 3) is done 
by means of nitric acid. But the silver is only completely 
dissolved by boiling the acid three times, and when at 
least 9^ to 3 parts of silver are present to 1 part of gold. 
When this proportion exists, the gold wOl also be obtained 
in a cohering mass ha\iug the same ibrm as that of the 
alloy used (a small roll, etc.). If less silver is present, Uie 
gold remains argentiferous and, if more, for instance, 4 tfl 
6 silver to 1 gold, the gold is obtained in brownish flake* 
or as powder (dust gold), while the silver will be com- 
pletely dissolved by boiling the assay twice with nitiii' 
acid, and there is great liability that mechanical losses 
will occur. If the silver is to be dissolved by boiling the 
assay but once with nitric acid, at least 8 parts of silver 
to 1 part of gold must be present. A preliminary assiiy 
is therefore required for an approximate determination nl 
the percentage of gold, to enable the assayer to fix tht^ 
required quantity of silver which must be added, and al'-i 
for the determination of the percentage of copjjer, in 
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orcler to find the quantity of lead required to be added to 
*t in removing it by cupellation. 

1. As a. preliminary test for alloya free from copper, 
naay serve — 

a. The color of the alloy. — A deep yellow rolor requires 
^% to 3 times the quantity; light yellow, twice the quan- 
tity; and a white color an equal weight of quartatioii 
silver. 

For an upjiroiiimale determination, liy folor, of the vicliness of 

tlie gold bulton, sample ^Id-silver [mtinns 2 to 3 millimeters (0.071) 

to 0.12 incL) in diameter hiive been prepared with {jj, ,■„, j*,, -j^j, 

1*5. and j*|j of gold. They are placed in depressions in a box with 

iv cover, and mch is surroundi^d with a black ring and then with 

H white one. Before the compitrieon is made, the assay button it 

bn-atbed on, as ollierwiae ics stiting lustre would make the eetimation 

Ikns accurate. Goldtchmidt^ has attached Bimilar specimen alloys, iti 

the Torm oC small disks upon [lorcelain, but it \& more difficult to com- 

[Mire the buttons with these than with sample buttons of the eame 

^^^kpe. If more than Wo per cent. Ag is present, the gold cannot bo 

^^^ROj^nieed. 3 |)er cenl. of Ag imparls already a brass color, ciQ per 

^^■ht. a light yellow, and 56 per ceni. a while eolor to the gold. 



h. An examination on the toiuJiatone by means o( 
idles, touchstone and nitric acid requires more expe- 
nence than the above method, and may also be used for 
alloys containing copper. 

2. Preliminary assay of cupriferous alloys by cupella- 
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With lead alone. — "350 milligrammes of the alloy 
cut up into fine shreds or granulated are weighed off 
and wrapped up in a cornet. This is placed with 16 to 
32 times the quantity of lead (4 to 8 grammes, 61.73 to 
123,5 grains according to the percentage of copper) in 
one piece (spherical or hemispherical) in a strongly glow- 



I 



' Freseiiiua" Ztsclir. xvii. 142. E. o. h. Z(g. 1878, p. 308. 
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ing cupel in the furnace. The cupellation is conducted 
in the same maimer as with the fine assay (p. 147), except 
that it must " drive" hotter, so that no plumose litharge 
(Federglatte) remains. Tlie percentage of copper is 
found from tlie difference in the weight of the alloy used. 
and the resulting auriferous silver button. An experi- 
enced assayer can then estimate the richness of the alloy 
in gold by the color of the button after breathing on it, 
and can thus calculate the quantity of quartation silver 
to be added for the principal assay. The quantity of 
lead required ibr removing the copper by cupellation will 
be indicated from the difference in weight. 

Thf fjiiatUity of lead (o be tHken depenils on the perceiitagi cf 
roppfT in the alloy, nliicli miisi be removed before tbe [juarlaiion. 
Ab cojiper hss a greaier alfinity for gold than for silver, argenliferous 
gold containing copper requires a larger quantity of lead in cii|ielling 
(the nnaTiinium is 32 times the quantity) than argentifuroud copper 

(16 to 2(1 times ihe quantity). 

The following table (Table I.) ehowa the quantity of leail reqniitj 
for alloys of gold with silver and copper : — 



i I. 



Iftlie gold in 1000 parts 
of the alloy amounts to 
1000 


EquiVBlpnt 
to gold. 
24 carat, 


Mulliple 

lead. 

B 


of 


980 to 920 


23^ to 22 


12 




920 to 875 


22 to 21 


IB 




876 to 7.^0 


21 to 18 


20J 


1 


750 to 600 


18 to 14 


?4l 


I 


600 to 350 


U to « 


S^ 


I 


350 to 


8 to 


' 3j^ 


1 
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lOuntB 


1 ; 1000 t 


o950 


1 950 !■ 


900 


1 ' 900 to 850 


850 t 


o750 


750 t 


d650 


650 to 



(|iiaTitity required if the jie 



10 



und less 
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b. Wiih an addition of lead an^ silver. — This process 
"/Us made use of to avoid the estimation of the quantity of 
gold in the auriferous silver button by the color. 35(1 
milligrammes (3.85 grains) of the alloy are wrapped up 
in a cornet, together with 3 times the quantity of silver 
(750 milligrammes, 11.55 grains), and 16 to 32 times 
the quantity (4 to 8 grammes, 61.73 to 123.5 grains) ot 
lead, and cupelled. The loss of copper is found from the 
difference in weight between tlie resulting button and 
the alloy weighed plus the addition of silver. The 
auriferous silver button is laminated and placed in a flask 
with a long and narrow neck which has been previously 
well cooled off. The matrass should be from 150 to IHO 
millimeters (5.9 to 7.07 inches) high, 30 to 50 milli- 
meters (1.18 to 1.96 inches) wide in the belly, and 6 to 
. millimeters (l).23 to 0.31 inch) in the neck. The 
Mtton is boiled in this with pure nitric acid of 1.19 
" 8i)ecific gravity imtil no more red vapors are evolved, and 
is then washed twice by decantation witli hot water. 
The flask is then entirely filled with water, a small cru- 

tible of clay placed over its moiith, and both crucible 
ad flask are inverted, which causes the gold in the form 
fa small flake or powder to fall into the crucible. The 
Itok is now raised and quickly drawn away over the edge 
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or the crucible. The gold is then thoroughly dried 
igniting it in the crucible. Its weight, plus that of tl 
added quartation silver, deducted from the weight of 
auriferous silver button originally employed, gives the p 
centage of Kilver in the original alloy, according to wHIcIl 
the addition of silver for the assay must be regulated 
that the proportion of 1 Au to 2^ or 3 Ag is raaintainei 
For ooins, the standard of which is known, such preli 
nary assays are not required. 

German,' French, urn] Amerit^tn guld coins contain OOU Au unA 
]00_Cu. Austrian ilucata flSfi. Piiiasian FriedrichsJor 902, Englisia 
BovureigiiBdlB, lUnovenan, Driin^wick. and DunUb pistoles 896 pari^ 
of gold. Pure gold is p^ep^trvd by dissolving ducat gold, or gidil. 
CU|)elled with li^:id and lamiiiiilml, in cold aqna regia (2 jiarts ot* 
hydrochloric and I part of nitric add), by adding the acid gradually^ 
BO that, when tbe solution is complete, thei'e will be no excess of aqiu^a 
regia. The solution is allowed lo stand for severul days, for ijie, silv4^H 
chloride to settle, and is then Altered. It is now diluted, and, if ncces-^ 
»a.ry, again filtered in a few days. The dllntte is much diluted, an<S 
treghly pre)>ared solution of ferrous sulphate added to it until no more^ 
gold.is preoipiUited, and then allowed to stand in a warm })lace. TIibs 
fluid ia then remoted by means of it siphon, the gold placed in a por — 
celain dish and digested with diluted hydrochloric acid. The drieil 
{lowder ia washed, placed in a clean clay crucible, and fused witLs 
aoroe hornx and saltpeti-e. 

I. RoU assay for (irffenfi/erous gold. — This requite* 
the following manipulations ; — 

a. Preliminary assay as described on p. 167 for dete 
mining the percentage of gold and copper in order to fid 
the quantity of quartation silver and lead to be added. 

h. Weigldng die assay sample. — Two samples of thi 
alloy, granulated or laminated and flut into fine shreds, eacH 
2-)0 milligrammes (3.85 grains), are accurately weighed 
out upon an assay balance which must be sensitive to 
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t.l milligramme (O.OOlo 



grain). If hars are to be 
I sample ofloO milligrammes each is cut tix>m 
the upper and lower side from opposite ends. The sam- 
ples are wrapped in comets. 
_ c. Cliarghig. — The quantity of silver required is 
^weighed off, cut up into fine shreds, and added to the 
Wimple. Tlie quantity must be calculated or found from 
tables according to the results of the preliminary assay. 
'I'he lead is next weighed off in one piece according to 
Table I. p. 168. 

d. Cupellbig. — The lead is placed in thoroughly ig- 
lited fine cupels standing alongside of each other in the 
nti'e, or more towards the back of a strongly heated 
jtiint ftimace (Fig. 28, p. 54). The mouth of the muffle 
|s closed until the lead '• drives," when it is o|)ened, and 
he comets containing the alloy are placed in the cui>el. 
pile mouth of the muffle is a^m closed, and the assay is 
Uowed to " drive," and the operation further conducted 
Bti the same manner as in the fine assay (p. 147) with the 
jsception of a stronger heat towards the end. Of the 
» of gold in cupelling we will sijeak later on. 

If fine gold with SaO thoiisiindtlis "drives" loo l.m, or loo cold, the 
TesuUing gold button will be one-tliousandlli too heavy. This is very 
likely cnused l>y some lend which remains with the gold, and which 
«Hiinot be comjiletely removed by nitric acid. For this reason a 
[lie of pure gold is generally cupelled with the aiinie qimntity of 
ileaii at the siime lime us the principal as^ay, and ihb gain in weight 
deilucleii l"n>ni the gold percentage of the 
'incipal assay. If the button has hcun brightened too hot, it is apt 
crack in laininaling. 

Flattening (Jaminating) the huttoti. — The button is 
amoved by means of a pair of pliers, bnislied off, and the 
Idges carefully pinched with the pliers. It is then laiB 
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nated with a hammer on a polislied steel anvil, having 
diameter of 6 to 8 centimeters (2.36 to 3.15 inches). Tl 
liead of the hammer has on one end a round or sqiiai 
face, smoothly polished, and about 4 centimeters (I.; 
inches) iu diameter, and on the other end a rounded-off 
edge. Or, the button artcr it has been somewhat flat- 
tened on the anvil is passed between i-ollers, being fre-, 
qnently annealed meanwhile on a cupel, or dish, 
the muffle. The small oval leaf, into which it is laml 
nated, is about 25 millimeters (0.98 inch) long, 12 milli- 
meters (0.47 inch) wide, and 0.5 millimeter (0.019 inch) 
thick. The frequent annealing oC the button and ham^ 
mering of the edges is required to prevent the leaf froi 
cracking ou the edges. If necessary, the leaves are nu 
bered by means of a pimch and hammer. After having 
been annealed once more, the leaves are rolled with a pair 
of pliers and dry fingers, into the form of a spiral, or over 
a glass-rod, into a small roll. 

/. Boiling in nitric add. — One or more of tlie iiui 
bered rolls are placed iu a long-necked glass flask, about' 
150 to 180 millimeters (5.9 to 7.0T inches) long, with a 
body width of 40 to 50 millimeters (1.57 to 1.97 inches), 
and a neck width of 15 to 20 milUmeters (0.59 to 0. 
inch). Here they are heated with a quantity of nitri 
acid (about 10 grammes, 154.32 grains) sufficient to 
the body of the flask half-full. The acid should be of 1.2 
specific gravity, as, if it is stronger, its action might be 
too violent and tear the leaf. It should be free from 
nitrous acid, sulphuric acid, and chlorine, and, if uece»* 
sary, is freed from chlorine by adding some solution 
silver nitrate. The leaves are heated until the fumes 
nitrous acid have disappeared. Biimping during th< 
ebullition is prevented by throwing a small splinter 
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coal, or, what is still better, a completely carbonized 
p epper-corn, into the flask.^ 
K. The flask is lifted I'rom the fire by means of a wooden 
Bpiamp. and the solution of silver carefully poured into a 
porcelain dish. Nitric acid of 1.3 specific gravity, pre- 
1 iously heated to boLUng, is now poured upon the leaves, 
and they are again boiled for 10 minutes. The pouring 
off of the solution is repeated, and the leaves are again 
boiled for 10 minutes, with fresh strong nitric acid, pre- 
viously boiled. This third boiling is sometimes omitted, 
if the percentage of gold is below 750 thousandths. After 
the third boiling, according to Kandelliard's experiments, 
such a small residue of silver remains in the gold, that it 
is equalized by the loss caused by cupellation, and the 
Jesuit will be correct. 

^1 (The heating may be done by placing a single flask 
H^n a support, with three legs, and provided with a 
nandle, over a lamp, or upon glowing coals. If several 
flasks are used at one time, they may be placed in de- 
pressions in the periphery of a sheet-metal disk, which 
are filled with sand, and furnished with clamps for holding 
the necks of the flasks ; or, they are placed upon a mov- 
able support, with a gas pipe and burners throwing out 
lateral flames ; or upon LevoVs gas-heating apparatus. 
■JfaWAe// and ^o/uisonV new platinum apparatus permits 
of many rolls (10 to 100) being boiled at one time in 
small thimble-like crucibles, which are immersed in the 
acid. It may be highly recommended on account of its 
great convenience and cleanliness, and saving of acid. 
TooJcej/' uses a platinum tube for heating.) 
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Poljt. Ctrbl. 1857, p. 314. B. u. h. ZIg. 1861, p. 407, 
^g. 187", p. 3-25. 
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By dissolving silver in nitric nciil, nitrons acid is forliied wUich' d 
not iittaek the gold h3 long as Eilver ia ])rei>enl. But it wilt do so il 
is develoited after tlm silver Ijiw Iteen removed, Sucli developm 
may be caused by tlie action ol'llie B|ilifiter of wood-charcoal pl&cedS 
the llnek to prevent bumping during ebullition, in case it shouM c 
tain any woody substance. For lliis reason, it ii) best to avoid tfae^ 
of clmrcoal for tliis purpose. 

g. Washing {rinsing off) ike rolh. — After the last b(W 
ing with nitric acid, the acid is poured off, and hot dis- 
tilled water is allowed to flow slowly into the flask froin 
a copper kettle, the spont of which is introduced into the 
neck of the flask, or, what is still better, from a glass 
pitcher. While the water is running into the flask t he 
latter should be constantly turned, until if is about J i 
of water. The water is then poured ojit, and this op 
tion is twice repeated, until the last traces of silver nitr&l? 
are removed from the roll and the sides of the flask. 
The flask is now filled entirely full, a small cnicible glazed 
inside, or a porcelain cup or saucer, is placed over i 
mouth, and both cup and matrass in this position i 
slowly inverted, which causes the roll to gradually sHS 
down into the cup or crucible. The flask is then drawn 
away over the edge of the crucible, after which the watCT, 
now no longer showing a silver reaction with hydrochlofl" 
acid, is poured from the crucible. 

A, Drying and annealing of ilie I'olls. — They 
thoroughly dried in crucibles, which are covered and 
placed on the shelf in front of the muffle, or into tlie 
round holes of a metal plate, into which they fit. The 
feet of this plate stand ujion a sheet-metal plate, heated 
by glowing coals from below. The matt lustre rolls, whiq 
are of a brownish color and porous, are now heated'jj 
the same crucibles in the muffle-fnrnace at a wlUte h^ 
whereby they must assume the lustre and color of gol 
after which they are taken from the crucibles. 
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ALLOYS OP GOLD. 

" Weighing of tlte rolls. — After the rolls hate become 
lol, they mnst be quickly weighed, as they easily absorb 
gases. A roll, and another from a control assay are laid 
on the opposite jians ol'a balance. If they agree (in assay; 
from the upper and lower side of a bar, differences may 
occur), they are both weighed, and the percentage of gold 
is thu& determined. The average is taken of the upper 
and lower assay. (It is customary to give the lowest 
percentage of fine assays of silver, p. 14:9.) 

A Insx of gold occui-s in cupelling, partly on account of 

the volatilization of gold witli other metals and partly by 

a bsorption by the cnpel (Kapellenzug), According to 

^Mj£andelhard this loss is equalized by the retention of a 

^Htidue of silver in the roU, but this, according to liossler,' 

^^ not always the case, as differences may occur between 

the found and actual percentage of gold, from a cooler or 

hotter "brightening" and in alloys of different propor- 

tns. According to Kandefhard's method, the residue 
silver in the roll is I thousantfth when *i| parts of sil- 
c to 1 part gold have been used in the quartation, and 
the alloy has been boiled three times, 1.5 to y.o thou- 
sandths if boiled not quite so thoroughly, and up to o 
thousandths if boiled but once. According to Bossier 
the loss of gold by cupelling increases with the quantity 
of lead used (when ^ gramme (3.85 grains) of gold is 
cupelled with 1 to 2 grammes (15.43 to 30.87 grains) of 
lead, the loss is only fractions of a thousandth ; when 4 to 
8 grammes (61.73 to 123.5 grains) of lead are iised, it is 
over 2 thousandths, even if a residue of silver of nearly 1 
thousandth is taken into consideration). The loss is also 
greater the smaller the gold button is (therefore also when 
a smaller quantity of the sample is weighed) and the 
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smaller the quantity of silver (according to Bossier, 1 to 3 
thousandths of pure gold are lost if 4 times the quantity ot 
lead ie used in the quartating cnpellation ; if the button 
contains more than 2J times the quantitj- of silver, the 
residue of silver conimeuces to preponderate, and with n 
large quantity of silver it seems to be almost in excess). 
According to this, assays with a small ]>ercentage of gold 
cujjelled with much lead would, under otherwise equal 
conditions, come out somewhat worse than those with a 
high percentage, and, if loss of gold and residue of silver 
eqiialize each other, the loss woidd preponderate in all 
smaller assays. 



An Englisli commission' linving caused an examination Co he made 

nf suuplcs of dittereni coinm witli an accunttely deFermined |iercf!ntage 
of sold, the errors in tlic assiiy wi-re loimd lo amount to from ygj^^ lo 

Platinum renders the surface of the auriferous silver 
button, after it has beqp cupelled, crystalline, porous, and 
rough, and, if much of it is present, gray. It is removed 
by cupelling the button resulting from quartation, after 
it has been weighed, with 8 times the quantity of silver 
and lead, and treating the resulting button, after it has 
been laminated, with nitric acid until the weight of the 
roll remains constant and platinum is no longer dissolved 
with the silver.^ lihodium and iridium produce black 
' stains upon the auriferous silver buttons alter the bright- 
ening, and, if a large percentage of iridium is present, the 
rolls break and black iridium powder will be foimd be- 
tween the gold. The gold is then dissolved in aqua regia 
and precipitated with lerrous sulphate. ^^- 

I Report oflbe Brillali Associalioti, 1875, p, 137, ^^H 

^_ I Winkler, Lusliclikeit von Platinitilber in Salpeteraaure in Frewl^^^l 

^L Zlscljr. IS74, p. 8611, B. ii. li. Zig. 1B15, p. 145. ^H 
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t D'Hennin' claims to separate tlie iridiurn by fusing 12.5 f^ratnoiea 

]<I dintnining it with 3 grammes (46.30 grainii} 

~~of sodium areenale, 18 grammes (277.78 grains) of black flux, and 20 

-;niinaies {808.G6 grains) of a flus consisting of a mixture of Iwrax, 

iirgol, litharge, and clmrcoal, into a speiss containing iron and arsenic, 

vliile tlje gold and silver are eolleulod in tlie lead. 

Palladivm passes with tlie silver into solution, if the 
gold containing ft is alloyed with 3 times the quantity of 
silver. 

II, Pulverulent assay ( Sfavhprohe) of aurifercms silver. 
— a. A sample, about H gmrames (77. IB grains), is taken 
on opposite ends from the upper and lower side of a bar. 
Duplicates of the sample of 0.5 gramme (7,71 grains) 
ttre ^veighed out, and cupelled in the mint hirnace with 8 
times the quantity of silver (p*. 166) and the quantity of 
lead which is found to be necessary according to Table II. 
p. 169, alter a preliminary assay has been made. The 
i-esulting button is laminated by hammering or passing 
it between rollers. It is then placed in a flask, the 
iit'ck of which should not be wider than 6 to 8 milli- 
meters (().'2'i to 0,31 inch). Hero it is boiled with 
nitric acid, of 1 .2 specific gravity if the percentage of gold 
is small, and of 1.3 specific gravity if the percentage is 
larger, for instance 100 thousandths, imtil the vapors of 
nitrous acid have disappeared. The bumping is pre- 
i_ vented by throwing a carbonized grain of pepi)er, etc. 
jSfp. 172) into the flask. The pulverulent gold is allowed 
' ft settle in the flask, which has been placed in a revolving 
and. The acid is then poured off^ into a porcelain sau- 
jer or cup, and the gold is rinsed three times with hot 
distilled water. The flask is now tilled with water and 
inverted in a small imglazed porcelain crucible. In this 
position they are placed upon the revolving stand until 
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the gold has descended into the crucible. When this ii- 
the case, the matrass^ is carefully drawn away over the 
side of the crucible. The water is now ]>ourcd out of the 
crucible by allowing it to run down «n a small rod, and 
that which remains behind is soaked up with filter-pajxr. 
The gold is then dried and strongly ignited in the cruii- 
ble so that the particles of gold form a coherent mass. Il 
is then weighed. 

If the button iu brightening is leas white, and docs not 
"spit," or if, as is the case where platinum is present, il 
is crystalline, grayish, and has flat edges, the gold is 
again cupelled M'ith 8 times the quantity of silver and 3 
times that of lead and boiled with acid, and these opera- 
tions must be repeated utjtil tlie weight of the pulvmi- 
lent gold remains constant. 

Thi! gold may also be (Ipterminisd in 
assay of silver with potussium 8ul|ilio-ry 
i'vaes ttlloys of gold and silver ricli in gold, 
lity of zinc, and dissolves the alloy in nit 
remains behind. 

b. Separation of aitnferoue silver grains from suTtipk*' 
of ores. — This is done in the manner indicated oo ]>\'- 
164: et seq. 

B. AUojfa of gold with copper. — The metals are sepi- 
nited by cupelling the alloy with 32 times the quantity 
of lead, and adding 3 times the quantity of silver, other- 
wise the process is the same as given ou p. 169. 

' Tlio narrow neck of the flasks nsetl in the Hasaj of gold prcvenls li"' 
air from entering wliili; tUe flaalt is being remoTcd, wliich otherwise iiiig''' 
stir up the gold Ami. 

• FreBeiiiua' Zlsclir. 1S79, p. 104 ; B. ii. h. Ztg. 1879, | 
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36. ORES. 

' Native I'latwum, almost always combined with other 
metals of the platinum group (Rh, Ir, Pd, Os), with 
precious (Au) and base metals (Fe, Cti), and admixed 

Ith iridosminm, earthy and metallic minerals. 
A. Fire assaya} — These extend to the detei-mination 
of— 

1. Percentage of nand. — 1 grammes (30.87 grains) of 
ore are mixed with 10 grammes (1.54.3'2 grains) of granu- 
lated silver and placed in a claj' crucible glazed with 
fused borax. It is covered with 10 grammes (154.32 
grains) of borax glass, with a small piece of wood char- 
coal, and fused. The resulting button is weighed, and 
its difference in weight, as compared with that of the ore, 
giving due consideration to the added silver, indicates 
the percentage of sand. 

2. Percetitofje of gold. — 10 grammes (154.32 grains) 
of the ore are boiled with mercury for several hours. It is 
then washed out with hot mercury, and the gold amalgam 
distilled in a small retort. 

3. Percentage of platinum. — The platinum is com- 
bined with lead by fusing 50 grammes (771,61 grains) 
of ore with 75 grammes (11-57.42 grains) of granulated 
lead, 50 grammes (771.61 grains) of galena, 10 to 15 
grammes (154.32 to 231.48 grains) of borax, and adding 
to the fused mass 50 grammes (771.61 grains) of litharge; 
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or 20 grammes (30H.65 grains) of oro are fused with 
. .^^mmes (231,48 grains) of borax, 30 grammes (462.! 
grains) of soda, 1 gramme (1-5.43 grains) of powdei 
charcoal, and .50 grammes (771.01 grains) of Htharj 
The fused mass is allowed to cool off, and the lead buttoi 
separated from matt (sulphur compounds of copper, iron, 
and lead) above it, and the iridosmium below it. The 
lead button, if too large, is scorified with some borax 
(p. 65), and cupelled at as high a temperature as pos- 
sible. The platinum remaining is purified by a furthi 
fusion with 6 to 7 per cent, of lead in a lime cruci 
heated with illuminating gas and oxygen. 

B. Wet assay. — 5 to 10 grammes (77.16 to 154.32 
grains) of ore are treated with hydrochloric acid, and the 
residue is washed out and digested with atjua regia for 
from 8 to 12 hours. The platiniferous solution is filtered 
from^ the re-iiidue (sand, iridosrainm) and evaporated 
almost to dryness. Absolute alcohol and solution of sal- 
amoniac are then added. This is again filtered and 
washed, and the yellow ammouio-platinic chloride 
dried. This is highly heated, and the resulting spon| 
platinum is weighed. If the ore contains gold, it 
precipitated from the filtrate of ammonio-platiuic chloride 
with ferrous sulphate. The precipitated gold is then 
digested with hydrochloric acid, filtered, washed and 
dried, and fused with the addition of some borax glass. 
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These may be : — 

1. Gold with platinum. — The alloy is cupelled with 
three times the quantity of silver, and sufficient lead to 
remove any copper which may be present (8 to 30 tiraei 
the quantity of lead if from 200 to 500 thousandtbe ^ 
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more of copper ate present). The laminated button is 
treated with nitric acid, as in the gold assay (p. 169), 
whereby the platinum will be dissolved with the silver, 
the gold remaining behind. The silver is precipitated 
from tlie eolation by means of common salt, and the 
platinum is separated from the filtrate as ammonio- 
platinic chloride, and further treated as on p. 180. If 
the perpentage of gold is large, the alloy is dissolved in 
aqiia regia, and the separation conducted in the manner 
indicated for platinum ores (p. 180). 

2. Silver ifilh plal'iiiMm. — 0.5 gramme (7.71 grains) 
of the alloy are mpellcd with a sufficient quantity of lead 
to remove the copper which may be present, and with 
such a quantity of silver (to be determined by a prelimi- 
nary assay) as to make the ratio, 1 part platinum to 
2 parts of silver. The alloy is laminated and boiled 
twice (each time from 10 to 12 minutes) with concen- 
trated sidphuric acid of 1.85 specific gravity, whereby 
platinum will remain behind in the form of a small roll, 
and. if a larger quantity of silver is present, as a powder. 
It is then washed with liut water, dried, ignited, and 
weighed. 

3. Silver and gold mifh phitinum. — 200 milligrammes 
(3.08 grains) are cujielled with sufficient silver, for in- 
stance, 100 mitKgrammes (1.54 grains), to make the 
ratio 1 part gold to 3 parts silver, and with lead to re- 
move the hose ntetah. The button is laminated, being 
frequently heated during the operation. It is then made 
into a roll and boiled with concentrated sulpluiric acid, 
'I'he residue is washed, ignited, and weighed ; the 
difference in weight represents the siher originally pre- 
sent plus that added to it. The residue, containing gold, 
platinum, and iridosmium, is cupelled with lead, and with 
a quantity of sUver at least 12 times that of tlie platinum 
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(the effect of less silver would be to leave a residue of 
platinum, and if more is taken the residue will be pul- 
verulent instead of in the form of a roll). The roll is first 
tioiled with nitric acid of 1.16 specific gravity, and then 
with acid of 1.26 specific gravity, after which the residuum 
(gold and itidosmnim) is washed and ignited. The dis- 
solved platinum is determined from the difference. The 
residue is digested with aqua regia, and the gold preci- 
pitated with ferrous sulphate, while iridosraium remains 
beliind. About 3 hours are re()uired for two 
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Copper niclcel, NiAs, with 44 Ni ; nnfimonial nicJcfi.l 
{breithavpHte), NiSb, with 31.4 Ni; rammefHbergtte, 
NiAsu, with 28.2 Ni ; nickel sulphide {millerite), NiS, with 
64,5 Ni; antimonial nichel ore {iiUmannite), NiSbS, with 
2T.6 Ni ; nichel glance (gemtlor^le), Ni AsS, with 35. 1 Ni ; 
nickel silicates as revdanskite and garnierite, with 10>fl^ 
20 Ni; nichel arseuiate, NigAsjOs+SHaO, with 29.5 I 
nickel if er oils iron, copper, aud magnetic pyrites. 



40, FiKE ASSAY (PlaHn.e7''a assay). 

This is based upon tlie formation of constant combiSI 
tions of Ni^As, and Co^As, with respectively 60.7 Ni afti 
61.1 Co, and their subsequent treatment, in a manner to 
be indicated with borax, after other foreign admixtiu-ea 
have been removed. Tlie process requires certain i 
fiiationsif cop^>e)', lead, 6is»iwi/t, and antimonyaxe^resK. 
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A. Compoumh free from copper. 

1. A sufficient quantity of assay sample is weighed out 
so that the resulting buttons of Ni^As and CojAs will 
weigh from 0,4 to 0.6 gramme (6.17 to 9.26 grains). 
Thus, about 5 grammes (77.16 grains) of poor ores will 
he required, 1.5 to '2.5 grammes (23.15 to 38.58 grains) 
of medium, and 0,5 to 0.6 grammc-(7.71 to 9.26 gi'ains) 
of rich ores. 

2. Compounds containing metallic sulphides must be 
completely roasted with charcoal and ammonium carbon- 
ate; otherwise, the buttons cannot be properly slagged 
with borax. Substances free from sulphur need not to 
be roasted. 

5 gnimmts (77.1 ti grains) of ore coniaining sul]ilirttP9 wliicli uaiinot 
l)« decomposed by roiisling (gypsum, bBryWe, fit.f.), wilh 10 lo 15 
grHinmes (l.i4.32 lo 231.46 <;i-a;nA) of borax, 3 to 10 grammeH (77.]6 
to 154.32 grains) of glass, and 0.5 gramme (7.71 grains) of resin are 
placed ill a suitiiblK crucible (Fig. 42. p. 67), covereJ with a. Jayftr of 
<rommoi) salt, and fused lo (brit.lle) matt (p. 104). Tliis is <]ea<l-roualed. 
()..'■. to 1.5 gramme (7.71 to 23.15 gmins) of arsenic are added if the 
-nickel was not combined with nulphur or arsenic. 

H 3. Arsenizlng. — The roasted assay sample is intimately 
Frubbed together with 1 to 1 ^ times the quantity of metallic 
arsenic in an iron mortar, placed in a suitable covered cru- 
cible (Fig, 4:2, p. 67), and heated in the muffle, kept at 
orange-rcd heat (for 10 to 15 minutes) until the arsenical 
flame and vapors have ceased to appear. When this is the 
case, the metallic oxides contained in the roasted sample 
will have been reduced by a part of the arsenic, and con- 
verted, by anotlier part into metallic arsenides of variable 
romposition (of iron, nickel, cobalt, etc.), which are either 
only sintered together (especially if tlie charge is rich in 
robalt), or fused. 
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Oompo'indi frre J'rom sulphur and rich in arttnir. contain 
arsenic than \a neuessiiry for llie formalion of Cn,At> and Ni,As. du 
not requJi-e roasting aod areeniziiig. Alloys (argentan, niykei coins 
nickeliferous black i;o|>|>«r, eic<) must be laniinaleil, and several limes 
HneniKfd willi an e<tuiil <(iiuiiiiiy of arsenic i and uUo subalaiioes ncli 
in coliult (tor in^Cuiioi', mixtuiva a( nickul anil C'lbtlc oxides), wliicli 
may liuve been jii-ecipilHled in ibe wet nay. 

4. Reducing and' solvent fiision for tlie purpose ol 
collecting the metallic arsenides into a button (arsenical 
iron, arsenical nickel, arsenical cobalt), and of slagging 
off earths and foreign oxides, zinc being entirely, aud 
antimony partly volatilized in the operation. The mass 
is placed in a sound crucible, and 10 to 1"2.5 grammes 
(154.32 to 192.90 grains) of potassium carbonate and 
flour are added to it. Upon this come a small spoonful 
of borax and two of powdered glass, and a cohering ot 
common salt with a small piece of coal. The crucible is 
then placed in the nmfflc-fuinace, wood-charcoal is piled 
high around it, the mouth of the muffle is closed, and the 
charge, alter the "-flaming" has ceased, is fused for one- 
half to three-quarters of an hour at an orange-red heat, 
The assay is then taken out, allowed to cool off, and the 
brittle button very carefully freed from slag, 

Modijtcaliont wliicli may oerur: 

a. Addition of iron filings: 0.5 lo 0.75 gnunine (7.71 lo ll.JT 
grains) of iron tilings miiDt be added during urseiiiziiig, if llie ores, <:!('.■ 
are rich in cobalt, and refrauloryi 0.05 to 0.20 (jcramme (0.77 lo S.IW 
grains), if they are entirely I'ree from iron, or tonlain bill little ol' it. 
in order lo pi-eveul the slagging olf of eobalt too soon, by the bonX- 
If had \a present, 0.5 to 0.75 gramme (7.71 lo 1 1 .57 grains) of iron 
in t)ie form of a tUiek wire are added, ur tbe mass is fused in an iro" 
crucible, whicb will allow a better regulation of tlie consumption •)' 
iron. TliG lead attiicbea itself ujroii tbe button of arsenides, and iis 
weight is found by weighing lead and billton together, cutting tlie 
former otF and reweighing. If binrmth is preseiii, it would atiiwli 
itself upon the britlle button of ai-s>^nide£, in ihe form of brittle melal, 
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wliich could not be detaclied from it. In this wise, it ia nec-^Mnry lo 
ndd 0.5 Uj 0.6 gramme (7.71 to 'J.2r> gn>\n») of granuliatd Itiad to 
the charg«, when a ductile alloy of both metaU will separnie on (he 
liutlon of araenideii. which can be eji^ily disconnecied from it. The 
»p|iroximate percentage of bismuth can be calculated afler deduL'tiiig 
the lulded granulftted Wd, minus 4 per cent. loss. 

b. Arsenizing aud fusinff in oae operation The i-oasled assay 

f^ample is rubbed together with arsenic in the aame manner as pre- 
viously staled, and the mixture is wrapped up in n cylinder nf soda 
paper. The cylinder is formed over a wooden stick of 1(1 millimeters 
<0.63 inch) diameter, by closing the lapping edges with lac. It is 
(iressed firmly into a crucible (Fig. 4^, p. 64) and covered with 1 1 
grammes (231.48 grains) of block fluy, I sroall spoonful of borax. 1 
email spoonful df glass, 15 grammes (^31.48 ^^vins) of common salt. 
aind a small piece of ciiarcoal. Accurate results are obiaincd by this 

|troccss Or, the i-o;igled sample is rubbed togelher with an equal 

(quantity of aj-senic and 15 |ier cent, of arsenical iron (Fe,A»), and 

Ked with the above fluxes. 
p. Slagging off of the arsenical iron. — Wood charroal 
placed all about the inside of the muffle, and one or 
two refining dishes are placed in the centre of it. The 
muflle is then closed, and the dishes are brought to a 
■white heat by a strong fire, 1.-5 to 2 grammes ('iS.lo 
to 30.87 grains) of borax glass are then placed in the 
tJishes by moans ol* an iron spoon (or wrapped up in a 
«;ornet), the muffle is closed and the borax fiised. The 
l^utton of arsenides is now placed in the dish, the mouth 
of the muffle is again closed, and the button fused as 
fjuicldy aa jioseible at a very high temperature (if the 
temperature is too low and the fusing takes too much 
time, cobalt also will be slagged off). The mouth of the 
muffle is now opened, placing a piece of glowing charcoal 
in front, to allow the entrance of air, whereby tlie arsenide 
of iron is oxidized to basic iron arseniate. This covers 
tiie button with a crust or scale (the scaling of the button) 
tlich is continuously dissolved by the borax until the 
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surface of the dull button appears bright, when thm— s 
operation is finished. The dish is lifted out by means c^=)t 
the tongs, and the lower part of it is first dipped int — o 

water until its contents has ceased to glow, when tli ^e 

entire dish is submerged. The following are indicatiou^KHs 
of a successful assay : The button is bright, the slag blac k 
or green, with a bluish tint, which is a sure indication cni^f 
all the iron having been reiBOved. 



9 very rich in iron il is rt^peafi 
Bulumted imil bucouiKS atitfiiiid 
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Modifinations. — It' tlie bulton 
treated witli Iriuih boitix, ns this i 
button no longer •' drives." 

Seiiaration of copper-red acaht of iron areeniatb from slrtmgt — y 
saturated borax. More cobitU will slag off (ihe slag has a strotif- hli^^"^ 
tint) if the temperature is too low or the slagging off id eontinuf d ti^^^" 
long, or when no iron, or but little ol' it, whs present in the button. 

6. Dearsenizing. — An excess of arsenic is volatilizei^*! 
by heating the button in a small covered crucible (Pi^^- 
39, p. 66) in charcoal powder, in the miiffle heated t— ^ 
bright redness for one-fourth to one-half hour, in orde-^"^'^ 
that constant combinations of Ni^As and CojAs shall b ^ 
formed. The resulting button is weighed, and the opc^^" 
ration is repeated until its weight remains constant. 

7. Slagging off the cobalt arsenide. — The process is th^ "* 

same as in slagging off the iron arsenide (p. 185), but a- ^ 

a higher temperature, the quiet button remaining brigli -^^ 
during the slagging off of the cobalt. The process i=^ * 
interrupted as soon as a film of apple-green basic nicke ^ 
arseniate forms on the surface of the button. The dish vs^'^ 
taken and cooled oft' in tlie same manner as in the slaggin^^§^ 
off of iron arsenide (p. 185). If the assay has been::^^ 
properly done, the bright, white button wdl show on its^^ 
surface small green patches of nickel arseniate, the sla^^" 
is blue with a violet tint (from the blue of the cobalt anc^ 
the brown of the nickel), and a green stain will 
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ceptible on the place where the button has rested. Tht* 
button consisting of Ni^.^s is weighed, and the perrcuta^i' 
of nickel calculated therefrom (p. 182), the CojAs being 
determined from the difference of CojAs + NijAsj. 

B. Cupri/erom compofm-ls. 

A percentage of copi>er' remains behind with Xi^As as 
a constant combination of Cu^As, and can be determined 
according to Plattner'a method : 

1. If the percentage of c-opper la s7naU, and does not 
exceed that of nickel, by* the addition to the neighed 
button (Ni-jAs + CujAs) of 6 to 8 times the quantity ot 
gold accurately weighed (to prevent a slagging off of the 
copper in the subsequent operation). The arsenide button 
with gold addition wrap|)ed in a comet is placed in salt 
of phosphorus which has been fused in a suitable shalloiv 
dish. This salt exerts a more vigorous effect than liorax 
in slagging off \vith yellowish-brown color the nickel ar- 
seniate which will be formed. If necessary, the oxidizing 
process is continued by renewing the saturated salt of 
phosphorus until the button appears bright, a proof that 
the nickel is slagged off. the complete volatilization of the 
arsenic being indicated later on by the button ceasing to 
fume. The remaining alloy of Au and Cu is weighed, and 
the weight of the copper, which is obtained by deducting 
that of the added gold, is calculated to CuiAs, with 71.7 
])er cent. Cu, and deducted from the total weight of the 
NijAs-f-GuaAs, fi'om which the percentage of nickel is 
calculated. 

This assay becomes less accurate with an increase in 
the percentage of copper, as, diu-ing the slagging off of 
the last portions of the nickel arseuiate, the copper also 
commences to slag off. For this reason — 

1 B. xt. h. Zlg. 1868, p, 24; 1868, p 04 (ElpiuBclimidt) ; 1878, p 89 
(Scliwedei). 
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2. The wtt methoti is partially raade use of when the 
jici-cenlage of copper is large. The processes are as fol- 
lows : — 

'(, The button coiisisthig of Ni^As and CujAs is dis- 
solved in nitric acid, and evaporated to dryness with 
sulphuric acid. The residue is digested witli aqueous 
sulphurous acid until no odor of the latter remain'. 
The copper and areenic (also antimony) are now pre- 
cipitated from acid solution by sulphuretted hydrogen. 
and the arsenic sulphide (also antimony sulphide) is ex- 
tracted with a warm solution of sodium svilphide. The 
residue remaining in the filter is washed and dried in the 
roasting dish in front of the muffle, and is then ignited, 
The copper sulphate is rubbed up and stronglj' heated. 
ammonium carbonate being added towards the end. The 
copper oxide which has been produced is weighed, and 
calculated to CujAs. This is deducted from NIjAs+ 
CujAs to detennine the NijAs (^Patera). 

h. By another method, the ore, etc, is dissolved, and 
the copper precipitated by the galvanic current (pp. 1 15 cf 
wy.), and the remaining solution with potassium hydrate. 
The precipitate, containing iron, nickel, and cobalt, is 
washed, dried, ignited, arsenized, and the further process 
conducted as given in the dry method, p. 183. "WTien 
m uch iron is present, it is better, on account of the labor of 
washing the iron precipitate, to prepare an assay accoi-d- 
ing to Plattner, for NijAs-l-CujAs, to separate the copper 
from a second fresh charge by electrolysis, to calculate 
the copjx^r to CujAs, and deduct this from Ni^As-j-CUsAs, 
which will give the NijAa (Schweder). 

Mckelijeroui pyrrkotine, witli 0.82 per cent. Cu nnd 1.72 per cent. 
Ni anil Co: 2 grainnies (30.S7 grains) are dissolved ba above. |j. 117, 
and the copper is precipitated by electrolydis from a solution of 411 
cubic centimeters (2,44 cubic indies) of nitric acid, nnd 360 oubiu 
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centimeters (21.96 cubic inclie^i) of waler (p. llaj; or 5 gmmincs 
(77. IG graiiiii) of ore are rousted and dmrged wirii arsenic in n soda 
[laper cylinder ({i, ]8.i), and fused witli fluxing wgenls in the crucible 
(p, 186); ihe iron itt elag^'t-il ofT twice and the button tlien dearsenized. 
If cobalt IB absent, Ni,As-(-Cn,A8 will remain bsliind. and (he nickel 
is then calculated as previously Maied (p. IHT). Cobitit and nickd 
may hIro be determined by i-lectmlysig, nnd caculaied lo (Ni,Co},A.s, 
and the Cu,A9 delermined from tlie difference. 

c. Compminds difficultly sohihle, as, for instance, slags. 
— These are roasted, arsenized, and ftised according to 
the process given on p. 1 83. If they are poor in nickel, 
several buttons (say five) are wrapped in a comet and 
treated with borax, as before described. The iron is 
slagged off, the excess of arsenic removed, and the button 
(Ni2As-)-Cu3.A.s) weighed. It is then dissolved in 90 
cubic centimeters (1.22 cubic inches) of nitric acid, 300 
cubic centimeters (12.2 cubic inches) of water are added, 
and the copjjcr is precipitated by electrolysis until it 
f:ommcnces to be colored black by the arsenic (p. IIH). 
The C'Ufl.-is is calculated from the precipitated copper. 
and deducted from the NioAs + CujAs, etc., or, what is 
Ktill better, in order to avoid constantly watching the 
precipitalion of copper, lest arsenic be precipitated with it, 
the button of Xi^.^s + Cu^As is dissolved in nitric acid, 
in a covered beaker-glass, then evaporated to drjTiess, 
and the copper and arsenic are precipitated with sulphur- 
etted hydrogen. The filtrate is heated in order to drive 
off the sulphuretted hydrogen, ammonium sulphate and 
ammonia are added, and the nickel determined by 
electrolysis (see later on). This is calculated to NigAa, 
which is deducted from NiAs-fCujAs, and CugAs is 
foiind from the difference. 

G. Compounds containing antimony. 

If a large amount of antimony is present, it becomes 
necessary to remove it from the dissolved ore by sulphur- 
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"wtiich otherwise, being converted into sugar by sulphuric 
iicid, would, in the subsequent precipitation of the iron, 
liold a part of it in solution as ferrous oxide, which would 
"then be "precipitated with the nickel. The free sulphuric 
»cid is expelled by heating the sand-bath. The mass is 
next dissolved in water and supersaturated with ammonia, 
in order to prepare an ammoniacal solution of copper. 

If but little iron ia present, nmm on ia maybe oseil directly [ but 
should there b<^ a larger qiiantilj, the precipituled ferric liydniie re- 
nitiiiis iiickdileroti«<. If tliis is llie case, the reaidue, complete'^ freed 
fmm free Eulphuric acid by eviijiomtion, \e dissolved in 100 cubic 
centimeters (6.1 cubic inchee) of hot water, and afier the solution baa 
lieeome entirely cold, 200 to 30O cubic ceniimeiera (12.2 to 18.3 cubic 
incbeg) of cold nater are added, according as less or more iron is (ire- 
sent. Xext a solution of ummonium sefl<iui carbonate in 12 parts of 
water is added drop by dro)! fram a pipette, under constant slirring, 
until the liquid appears dark brown, but tvilhoiit being turbid (if this 
in I he cane, a few drops of sulphuric nuid muKt be lidded), and H'iChout 
developing carbonic acid. The vessel is llien covered with a watch 
t-rystal. and llie liquid ilowlj/ heated to the boiling point, whereby the 
greatest {ukrt of the iron will be separated as basic .tulpliate of a leatlier- 
vellow color. The vessel is taken from the tire, the wa I cli 'crystal 
rinsed oU', and the liquid placed in the waler-baib and allowed to 
settle. It is then filtered, and the precipitate, n'hicli is free from 
«obalt and nickel, washed with hot water. If the assay sample is ricli 
in iron, the filtrate will still contain Fe. In this ease it is allowed to 
Imeoinc quite cold, and is then again precipitated with ummonium 
larhonate, as above, etc., but the filtrate will always contain notable 
traces of iron. Xfew drops of ummonium acetate are then added, and 
lite filtrate is evaporated so fur that the sohilion will be contained in 
tlie beaker-glass, in which it is intended to make the electrolytic pre- 
vipiiation. The fluid is then fili«i-ed into this beaker from the small 
•juantiiy of iron sediment, supersaturated with ammonia, etc. 

Instead of supersaturating the solution with ammonia, 
it is better to add 20 cubic centimeters (1.2"2 cubic inches) 

rnonia and the same quantity of ammonium sulphate 
electrolyze it in tlie apparatus used for the galvanic 
: 



assay of copper (p. 115). The binding scvewsof the elec- 
trode should be well coated with shellac to protect thei 
against corrosion by the ammoniacal vapors. 

In the preaent-e of mucli iron, and of ammonium chloritJe, clilorint ■^i* it 
wljicli attacks the plalinum, will be developed on ihe positive electrodc^^ 1< 
For this reafon a sulphuric acid solution is to be preferred, and ammo-«i::^ o 
Ilium Edilphate cmrls a favorable elTi^ct upon the process. 

As the ammoniacal nickel solutions offer gi-eater re-^^^^f- 
metance to tlie galvanic current than the arid copper solu--»^-J- 
tions, the nickel will be principally deposited on th^ ^mb 
inner sides and lower end of the platinum cone, wher^"^^ 
small bubbles of hydrogen may also make their appear- ~:^- 
ance, causing the nickel to be deposited in fine, non-cohe- -^^s- 
rent laminip, which spring off in the subsequent rinsin^^gg 
and drying, thus occasioning losses. This must be avoideci:^^ 
by suspending the platinum rone in such a manner that" — t 
its lower edge shall be about 1.5 centimeters (0.59 inch^ ) 
above the bottom of the glass ; further, by increasing thei^*'' 
electrical conductivity of the solution by an addition oc ■^' 
ammonium sulphate, and by using a current sufficiently-^^' 
strong to give at least 100 cubic centirnqters (6.1 cubir^;^:* 
iuches) of oxyhydrogen gas in the voltameter in half an*^^^ 
hour. A black coating of nickel sesquioxide, which may~"^-*' 

be formed on the positive electrode, will generally disap " 

pear by strongly supersaturating the fluid with ammonia. — ■■ 
Should this not produce the desired eff'ect, the platinum - 
cone is first taken out, placed in water, the spiral is then 
removed, and a few drops of hydrochloric acid are allowed 
to drip down on it, which will cause the coating to dis- 1 
solve with evolution of chlorine. Some ammonia is then J 
added and the apparatus again put in place and allowe* 
to operate for a few hours longer. Should ferric hydrat^l 
be separated, it is collected, in case it is to be determined"! 
bT volumetric assay, and added to that first obtained^ 
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After an electrolyzation of about 18 hours, the platinum 
cone is taken out, placed in a beaker-glass containing 
water, and rinsed off with hot water. It is then taken 
out and placed upon several thicknesses oi' filter papej-. 
From here it is brought into a bcaker-glass containing 
alcohol, alcohol being likewise allowed to run down on 
the wire. The cone is next placed upou blotting paper 
and theu completely dried upon a sheet-iron plate heated 
over a lamp. After it has become cool, it is weighed and 
the nickel (or nickel and cobalt) is ascertained from the 
increase in weight. 

When zinc is preeeni, some of whidi ia precipilaled along with 
nickel (hydrochloric and nilric Bcid, and their salts, prevent Ihis pre- 
cipitation, but sulphuric udd does not), tlie hydrochloric or nitric ncid 
solution is treated, lifter driving otf the sulphurottrtd hydrogen, with 
sodium carhonate until it exhihits only a Bli){ht acid reaction. More 
sulpjiuretted hydrogen is then introduced, in order to precipitate zinc 
sulphide, until no further increase of the precipitate is perceptible j 
n drop of a diluted solution of sodium acetate is then added. Hulphur- 
etted hyiirojien ia now again introduced (or some time, and the liquid 
then allowed to Htand quietly for [n-elve liours. It is then tillered and 
wiished with sulphuretted hydrogen water. The zinc aulpliide is dis- 
solved in hydrochloric ncid, and precipitated, after the sulphuretted 
hydrogen hag \ip.en expelled, by sodium carbonate; or the sine sulphide, 
wiib the addition of some aalphur, is i<;niled in a current of hydrogen 
gas (p. 121). The nickelifeiwiB filtrate, from the precipitate with 
sulphuretted hydrogen, is heated, some ainmoniu added, and it is then 
eleclrolyawl, after the iron has been sep.irated in llie manner indicated 
on p. 191. 

The platinum eone coated with cobalt and nickel is 
placed in a beaker-glass, and covered with a mixture of 1 
part of nitric acid, of 1.2 specific gravity, and 3 parts of 
water. This is heated untQ solution of the metallic de- 
posit is complete. The cone is then taken out and rinsed 
otf with hot water. The solution is evaporated to a small 
volume, and some potassium hydrate added until precipi- 
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tation just begins. The precipitate is dissolved by th. . 
addition of some acetic acid, a concentrated solution of ptz^ 
tassium nitrite is added, and the fluid allowed to stand f i -j 
24 hours. The yellow precipitate of CO(>;O03+ SKXCTI 
is filtered off, and washed first with potassium aceta^ 
and then with alcohol. It is next dissolved in sulphut-5. 
acid, and digested till the odor of nitrous acid has be^i 
entirely di-spelled. It is then neutralized with ammonia. 
20 cubic centimeters (1.22 cubic inches) of ammonium 
sulphate and the same quantity of ammonia are added, 
and the solution again subjected to elcctrolyzation. The 
cobalt is weighed, and the nickel determined from tht' 
difference. 

Determination of nickel in pyrites and iimU.'—i to .5 grammes 
(30.87 to 77.16 grains) of the Subalance are dissolved in liydroclilorit 
aciil, lo wiiicli some iiiiric auid has been added, and tlie solution pre- 
dpitaltd with suliiburdlted hydrogen (p. 190). The dltrate is bi)il«<l 
in order lo expel the sulplmrelled hydrogen, and nilric aoid or [lOliu'- 
Hium ddorste in addt^d to oxidize ferrous lo ferric oxide. AniDioi>i<i 
is ihen added until some pi'ecipilale forms, but without precipilaiw" 
being complete. Some acetic acid is now added until ii deep-red saluliun 
IE formed. This is boiled, and a solulion of uoncenlrated sodium fho^- 
phate is added in fiTcejj. Theprecipilaleof iron is Kiteved ofl'and wwliC'l 
'with hot water containing some acetic acid. The tiltrate is boiN. 
and potassium hydrate added nnlil an odor of amnionin is clf-<irly 
perceptible. The npple-green nickel phosphate is wa^ilied out, 'li'- 
eolved in diluted sulphuric acid, and made strongly alkaline by u'^'I'* 
tion of ammonia. The solution is then subjected lo elect rolyzutiuu. 
When more than 3 per cent, of nickel is present, the precipilaie "I 
iron is again dissolved, reprecipitated. etc. A trace of iron, but nf' 
enough to influence the precipitation of nickel by ihe buttery, nwy 
remuin in the solution if too small a, quantity of sodium phnspbute i^ 
present, or if ihe solution was made alkHline before tlic addition I't 
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NICKEL — WET ASSAY. 



195 
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The ore, etc., is dissolved in <tqua regia and evapo- 
nvted with the addition of sidphiiric acid. Aqueous siil- 
phtirous acid is added to this in ovder to reduce Ihe arsenic 
acid. The sidphurous acid is then removed by boiling, 
and the copper, arsenic, etc., are precipitated with sulphur 
retted hydrogen. The liquid is then filtered, the sulphu- 
retted hydrogen removed by ex^aporation, and the ferrous 
oxide oxidized by potassium rhlornte. Sodium carbonate 
boiling hot, is then added until a permanent precipitate is 
formed, A drop of hydrochloric acid is now added, until 
the prec-ipitate just disappears, and then a large quantity 
of sodium acetate added to the hot solution. This is 
boiled for 10 to 15 minutes, and tlie precipitate of iron 
and alumina quickly filtered off, washed, and again dis- 
solved in hydrochloric arid, etc., in order to separate such 
traces of nickel as it may contain. Chlorine water is 
;ulded to the nickeliferous filtrate, followed by potassium 
hydrate (some zinc also will be precipitated), and if neccs- 
siiry, more chlorine water. This is boiled for a quarter 
111' an hour, or until the precipitate of nicKel and cobalt 
sfsqiiioxides has assumed a black color. It is then fil- 
tered, the precipitate dried, and the oxides reduced in 
a ciurent of hydrogen gas (p. 1'21). For the separation 
of nickel and cobalt, the weighed metals are dissolved in 
hydrochloric acid. The solution is slightly supersaturated 
with sodium carbonate. A concentrated solution of po- 
tassium nitrite is added, and then some acetic ac;id until 
a weak acid reaction is established. The liquid is then 
allowed to stand for 24 hours, when the yellow cobalt 
precipate is filtered off and washed witli a concentrated 
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solution nf pntiissiiim rlilorido or potassium sulphate — e. 
The precipitate is now dissolved in hydrochloric acid, th«r-3e 
solution precipitated with sodium hydrate and chloriiiKr":3e 
water, etc.. and the cobalt sesquioxide reduced in a curreim^t 
of hydrogen gas. The solution carrying the nickel ispr^ — e- 
cipitated with potassium hydrate and chlorine water, et» ^^c. 

In onler tn separate the iron, llie oxiilrzed iron is partly jirecipitali^^ eil 
with sodium cRrbonaie (p. 19.5). Some auelic aciil ia iiJded, and tWT lie 
liquid is heatpd to 30 to 40"^ C. (8fi lo 104° F.) in order to dissol — re 
tlie precipitHled iron. It is tlien boiled, tlie precipitated iron ia ags-^^^in 
disRulred two or three times, and the precipitation repeated to separ^^^te 
the nkkel from it. Finally, by adding sodium Hulphidfe the Cerric oxi- de 
is converted into iron sulphide, and tliis is treated with diluted liydi— ^ — "*>■ 
chloric acid, whereby a trace of nickel sulphide may still be found in 

the residne. 

b. NicJe^H/eroits solution from the assa,!/ vnth 8ulpli o- 
cyanide for determining copper in vidcel coins. — In ord— ^r 
to decompose the sulpho-cyanide, the solution is evap- ^u- 
rated with the addition of 10 cubic centimeters (O.Eriil 
cubic inch) of nitric acid, which will cause the tluid ^^o 

become first red, and then colorless. The nickel is pr '^ 

cipitated by pouring the nickeliferous liquid into a bor^^l' 
ing solution of 100 cubic centimeters (6.1 cubic inches) "f 
sodium hydrate, 10 per cent, strength, which is boiling ^r^ 
a platinum evaporating dish. It is allowed to boil, th^^" 
diluted with water, and again heated to the boiling poir"^!^- 
It is allowed to settle, and then decanted through a filte^r. 
The precipitate is again boiled three times, each time wi "^'^ 
200 cubic centimeters (12.2 cubic inches) of water, sk^t* 
then filtered. The precipitate is dried, heated to redne ^f^- 
and rubbed fine, again washed with boiling water, drit^^''* 
ignited, and the nickel determined from the nickel p^^"* 
toxide' (now free from alkali) with 78.38 per cent, nick^ ^■ 

1 FreseniuH' Ztschr. 18T8, p. .IB. 
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Inaccurstc resulie will Tollow if less, or less ooiwentrated, aadiuDt 
'ilralr IS used, or if llie niulting is coulinu^ too loog, a^ uDiIer these 
le Dirkel is iIis^oIvimI iss hTilntnl t>xi<l«. 



B. Voiumetrlc assay tctth sodium sul^iijf,^ — The 
copper which may be present is removed by lueans of sul- 
phuretted hydrogen, and its percentage determined by 
the potai^um cyanide method (p. 124), The filtrate from 
the precipiUition with sulphuretted hydrogen is evapo- 
lated with nitric acid, and the iron precipitated with 
ammonia. The precipitate is dissolved twice or three 
times, and again precipitated with ammonia (the methods 
-with ammonium sesquitarbonate {p. 19) or with sodium 
acetate (p 195) give a more accurate separation); a stan- 
dard solution of sodium sulphide, 50 cubic centimeters 
(3.05 cubic inches) of which precipitate '2o gramtpc 
(3.H5 grains) of nickel, is then added to the vigorously 
boiling solution, until all the nickel (with cobidt) has been, 
separated. The addition of sodium sulphide is made in 
quantities of not more than \ cubic centimeter (0.015 cubic 
inch) at a time, the solution lleing maintained at the 
boiling point, until a filtered drop becomes brown when 
brought in contact with lead solution upon a porcelain 
plate. — ITie solution of lead is prepared by dissolving 
equal quantities of lead acetate and potassium tartrate in 
caustic potassa. The normal solution is prepared by dis- 
solving 0.25 gramme (3.S5 grains) of pure nickel (or 
cobalt), or an equivalent quantity of pure oxide or salt, 
in 5 cubic centimeters (0.3 cubic inch) of concentrated 
nitric acid. This is diluted with water, supersaturated 
with ammonia, tested with a saturated solution of sodium 
_sulpliide. which is thereupon suitably diluted. 
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43. ASSAYS OF COBALT. 



■»The object of the assays is — 

■ 1. The determination!- of i-obaft by the dry (p. 183) or 
the wet method ; in the latter case by gravimetric (p; 
195) and volumetric analysis (p. 197), of whirh the de- 
tails have already been given in the foregoing chapter on 
nickel. 

2, The determination of the hlue coiorivg pov:er 
(density), and the hennty of the colors (smalt colors) 
which are formed in fusing ores and products containing 
cobaltons oxide with different quantities of potassium 
silicates {smalt assay). 



v 
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"Cobaltons oxide, either contained as such in the ores 
(earthy cobalt, cobalt bloom), or produced by roasting 
sulphurized and ^rsenized ores, gives a bine color to fused 
potassium silicate (smalt glass, very likely Co0.3SiO„-)- 
KjO.SSiOj), the color, under otherwise equal conditions, 
being the more intense, the richer the ore in cobaltons 
oxide. The presence of foreign metallic oxides, which 
also dissolve in potassium silicate, exerts an injurious 
effect upon the beauty of the blue tint. 

Nickel protoTi'de, the mnst injuHou!! foreign substance, proiluces an 
objectionable reUdisfi or violet lint ; ferroui oriile, if present in small 
i]iiaiilitie9, gives a gi-eetiish slinde, hut ferric oxide, binnulh oxide, 
lend oxide, and mattganoui oxide effect the cobftU color to a very 
"mall extent only. Manganic oxide gives a violet tint ; cupric oxide, 
n green; cuprotit oxide, a red lint; while the coloring power of 
uiangnnous oxide is counteracted by tliat oi' ferrout tixtde, if both are 

In roasting arsenized and sulphurized cobalt ores, the 
various metfils become oxidized in succession, cobalt the 
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^^^H COBALT SMALT ASSAY. 'JOl 

"f quartz frt-e from iron and manganese, and with a 
tl'iantity of pure potash corresponding to half the com- 
bined weight of quartz and ore. The mixture is placed 
"1 flat dishes of white fire-clay (smalt-dishes). It is then 
fused in the muffle (Yig. 25, p. 51), which should be 
"Gated as strongly as possible, until a completely homo- 
Seneous glass has been lonned (tliis will i-equire 4 hours 
^^ longer). A sample is then taken from the charge by 
""^eaiis of a pair of tongs and cooled off in water. The 
'^i^ss is dried and pounded hi a bright steel mortar, in 
*^i'der to obtain angular fragments (powdered smalt is apt 
*■*> appear dirty). The fragments are sifted upon white 
T?aper, and, without taking intensity into consideration, a 
lodgment is formed at which degree of roasting the most 
utiful color has been obtained. 
B. Asmi/ to deiefmlne the iniensiti/. — The assay -sample 
fused in the above manner with different quantities of 
lartz (for instance, 1 to 10 times the quantity), and half 
quantity of both of potash, to a homogeneous cobalt 
lass. Generally 2.5 grammes (38.59 grains) of tlie assay 
sample are taken when it has been mixed with once to 
twice the quantity of quartz, and 1.25 grammes (19,29 
rains) if with more quartz, to prevent the crucibles from 
;oming too full. Too much quartz makes it difficult 
to fuse the mixture, and too much potassa gives smeary 
colors. A sample is taken from the smelted mass, cooled 
off, and dried. It is then pounded and sifted, or washed 
in spitz-glasses (Fig. 3, p. 28), and its color compared 
with that of a standard (muster), as to color and grain, 
his is done by spreading some of the standard color with 
knife evenly upon a board, and placing a quantity, as 
as a pea, of the assay sample upon it and pressing 
latter into the former, when an experienced eye can 
in a well lighted room (not exposed to the direct 
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rays of the sun) whether the assay sample corresponds 
with the standard in color-tone and grain, or not. If it 
should correspond in all respects, a confirmatory test is 
made by pressing some of the standard into the assay 
sample, when the same conditions must exist, and by ex- 
amining the grain in both cases with a magnifying glass, 
Ak moist smnlt Hpix^ars darker llitin dry, the standni'd and n^^j 
sample must ?tand lor from 6 to 8 liours itlougaide of each oiber in n 
somewliat damp plaue, lietore the exnmiiialion ia mnde. The intensilj' 
of the color aluo increases witli the coarseness of the grain, Hnd an m- 
|)eneiiced eye and skilful Imnd are required to give the assay samfile 
taken from the fused mass, the i>ainf grain us the Rtanilurd with wbicli 
it is to be compared. If the color of the assay sample is lighter iban 
the standard with which it is compHred, ihe assay must be repealed 
with a larger quantity of ore, and vice versa. If tlie color is nol bi- 
actly the eame, recourse is frequently liad lo mixing jhe product willi 
lighter nr darker varieties of smatt. An ore is the more valuable, the 
more quariz it requires for the production of a certain intensity of 

7III. znvc. 

45. ORES. 
Smiilisomte (zinc carhonate), ZnCOj, with 52Zn; w*'"- 
mine {zinc 8ilicate),ZnS^0^-\-Z^.iQ, with 53.7 Zn ; wlUf- 
mite, Zn2Si04, with 58.1Zn ; zinc bloom, Zn^COj+aHA 
with 57.1 Zn; zirtc blende, ZnS, with 67.01 Zn ; isinW*. 
ZnO, with 80.2i Zn-./ranJcUnite, (Zn, Fe) (FeaMnj)O., 
with 21 Zn. 

46. DRY ASSAYS. 

These are inaccnrate, but give approximately the qual- 
ity of the metal which may be expected from an ore (j}l«- 
tiUafion assay), or the approximate percentage of ziuf. 
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For many purposes they are siiffieicntly accurate {iiulireiA 
asaay). 

A. Aasatf bi/ distiffation. — A mixture of 400 to 500 
ffcammes (6172.94 to 7716.17 grains) of the commimitecl 
assay sample with 8(1 to 100 per cent, of powdered char- 
coal, and, in csise calamine is to he assayed, with 80 to 100 
jjrammes (1234.58 to 1.543.2^1 grains) of potash or (;al- 
cined soda, is placed in a retort of refractory clay and 
heated in a furnace with a strong draught (Kig. 30, p. 3fi). 
The neck of the retort should project ahout 10 centime- 
ters (3.93 inches). In it is luted a tulw of glass or por- 
celain about 30 centimeters (11. HI inches) long, which is 
kept cool by moistened rags wrapped around it. The 
burning gases and the fumes e-scape from the end of the 
tube, while the zinc, mixed witli oxide, which is distUled 
over, is mostly deposited in the neck of the retort and 
but little of it in the tube. After the "flaming" ceases, 
the tube should be frequently poked with an iron wire. 
The retort, after having been exposed to a white heJit for 
several hours and the "flaming" having entirely ceased, 
is taken from the furnace and allowed to cool off. The 
metallic zinc is scraped from the neck of the retort, is 
placed in a crucible and fused with black flux and a cov- 
ering of common salt. It is then poured out into an 
ingot mould and weighed. The retort is carefully broken 
into pieces, and all those having adhering to them either 
zinc or zinc oxide are collected together and placed in 
a porcelain dish, and the metal dissolved ofi" by digestion 
with nitric acid. The solution is filtered and evaporated 
to dryness. The residue is heated to redness, the ziuc 
calculated from the resulting zinc oxide, with 80,24 per 
cent, of zinc and added to the metallic zinc. 

B. Indirect asaai/, — o grammes (77.16 grains) of zino 
blende are placed in a covered crucible (Fig. 39, p. 66) and 
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heated under the nmffli' in order to expel the volatile 
substances. After it has been cooled off, it is weigheil 
and the ignition repeated until a constant weight is 
obtained. The nccurately weighed refractory residue 
is mixed with 3 grammes (46.30 grains) of iron filings 
free from rust, and "2.5 grammes (38.58 grains) nf blast- 
furnace slag. The mixture is hmught into a cliarcoal- 
lined iron crucible (Fifj- 43, p. 61), covered with 2,5 
grammes (38,5H grains) of blast-furnace slag, and the 
remaining space filled up with powdered charcoal. A 
loosely fitting cover is luted on. The charge is then 
heated at a white heat in the blast-furnace for ^ to 1 hour, 
whereby iron sulpliide is formed, while zinc volatilizes 
and the earthy substances fuse together with the iron 
slag. After the charge lias become cool, the button con- 
sisting of brittle matt and slag is weighed, and its wi-iglii 
deducted from that of the refractory residue of the zioc 
blende phis 3 grammes (46.30 grains) iron filings, phis '^ 
gmnimes (77.16 grains) of iron slag. The difference will 
give the jverceutage of zinc. The fewer the metaUic im- 
purities in the blende, which would be separated by the 
iron and volatilized (such as antimony, lead, bismuth, 
etc.), the more accurate will this method be. 



47. WET ASSAYS.' 

Grapimetric and volitmefric methods are used, 
tliough the latter assay is somewhat less accurate I 
the former, it is nevertheless available in mauy cases t^ 
practical purposes. 

A Gravimetric assaj/s. 

I, DetermtJiation of zinc as zinc sulphide. — 1 gcaiql 
(15.43 grains) of the finely powdered assay 

' B- u. h. Zig. 187S, p. U3, 1~J (LaurJ. 
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previously dried at 100° C (■21"2° F.), is placed in along- 
necked flask and dissolved in nitric acid. Every trace ol 
nitrous acid is removed by boiling, and the fluid is then 
strongly evaporated, 30 cubic centimeters (1.83 cubic 
inches) of nitric acid and about 200 cubic centimeters 
( 1 '2.2 cubic inches) of water are added, and the solution is 
then precipitated with sulphuretted hydrogen without 
previous filtration. The whole is now filtered off (metal- 
lic sulphides, quartz, etc.) and washed. A flask is now 
placed beneath the funnel, and its contents is treated 
with hot nitric acid not too concentrated. The filter is 
then perforated, the undissolved residue rinsed ofl" into 
the flask, and the filter washed out. The fluid is strongly 
reduced' by boiUng, and then water and 30 cubic centi- 
meters (1.83 cubic inches) of nitric acid are added. It 
is again precipitated with sulphuretted hydrogen, filtered, 
and tlie filtrate which carries some zinc is added to the 
principal zinc solution. The entire filtrate is then boiled 
nearly to dryness in the long-necked flask in order to re- 
move the sulphuretteil hydrogen, some potassium chlorate 
being added for the higher oxidation of any ferrous oxide. 
The mass ia then .supersaturated with pure ammonia, the 
iron precipitate filtered off, washed and dissolved in hot, 
medium strong nitric acid. It is now again precipitated 
with ammonia to extract any residue of zinc, and filtered 
through the same filter, these manipulations being re- 
peated once or twice more. The entire filtrate is now 
acidulated with acetic acid, diluted to the volume of at 
least 2 liters (3.52 pints), sulphuretted hydrogen is intro- 
duced (in the absence of nickel and cobalt), and the liquid 
is then allowed to stand for 24 hours. The clear liquid 
is then poured ofl" upon a filter, and finally the zinc sul- 
phide. The flask is rinsed out with sulphuretted hydro- 
gen water, the precipitate is also washed with it with the 
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addition of some ammoiiiuny acetate. The filtrate from 
tlie zinc snlphide is supersaturated with ammonia and 
allowed to stand for at least 24 hours in a covered glass 
in order to see whether any zinc snlpliide is still deposited. 
The filter is dried, and the zinc sulphide adhering to it 
detached by nibbing, the filter being entirely closed dur- 
ing the operation. The zinc sulphide, together with the 
ash of the filter and some distilled sulphur, is heated in 
one of Base's crucibles (Fig. 52. p. 122) until it commences 
to frit, and then in a current of dry hydrogen imtil two 
weighings correspond (ZnS^^ 67.01 Zn). The determi- 
nation of zinc as zinc sulphide is i^eri/ accurate. 

2. Determination of 2inc as zinc oxide. — 1 gramme 
(15.43 grains) of ore is dissolved in aqua reijia, and 
ammonia in excess and ammonium carbonate are added, 
whei-eby zinc (and copper) passes into solution. 'Hie 
resulting precipitate (iron, lead, etc.) is again dissolved 
and precipitated, and ammonia added to extract any 
remaining traces of zinc. The zinc (and copper) is then 
precipitated from the filtrate with sodium sulphide, and 
filtered. The zinc sulphide is separated Irora the copper snl- 
phide upon the filter by treating with diluted hydrochloric 
acid, and the copper sulphide remaining behind is washed. 
The zinc is precipitated in the boiling filtrate by means of 
sodium carbonate, washed, dried, ignited, and weighed as 
zinc oxide containing 80.24 per cent, of zinc. 

The zinc may also be precipitated from the neutralized 
filtrate from the copper sulphide by means of sodium 
sulphide, and determined as zinc sulphide (p. 204). This 
assay is less accurate than the foregoing one. 

3. Galvanic assay, according to Beilstein and Jaw^ 

' Liebig's Jalirceber. 188S, p. 880 (Luckow) ; Freseiiius' ZMchr. 
(Wriglilson) ; xvi. 4S9 (Parndi uod MaBCaezini). B. u, h. Zlg, 1678, 
(Ridie). Ber. d deulBcli. cliem. Ges. I8TS, No. 6, p. 440 (BeilBtdn 
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O.Stol gramme (7.71 to 15.43 grains) of ore is dissolved 

^^^ nitric or sulphuric acid, and caustic soda added until a 
px"ecipitate is formed. Solution of potassium cyanide is 
gradually added until the solution becomes clear, and 
•^T^eti the platinum electrode.s (p. 117) are immersed in 
trie solution. The current of 4 Btmsen elements (the 
**yliuder of zinc 15.5 centimeters (6.1 inches) high, the 
*-'ai"l)on dipping into nitric acid, with which 0.1 gramme 
(1.54 grains) of zinc will be precipitated per hour) is 
then passed throvigh the liquid. The beaker-glass con- 
taining the solution should be placed in a dish of cold 
^'ater, to prevent it, in case but a small quantity is being 
Operated on, from becoming strongly heated by the action 
<^C the electric current. When precipitation is supposed 
to te complete, the electrodes are lifted out of the fluid, 
the zinc is first washed otf with water, next with alcohol, 
^nd finally with ether, and then dried in the desiccator. 
A(\er being weighed, the zinc is dissolved from the 
platinum with hydrochloric or nitric acid, and the elec- 
trodes are again placed in the fluid in order to test it for 
'^'^T residual zinc. Ulack stains, which may be perceived 
"X*on the electrodes, after the zinc has been removed, 
'*i'iginate from finely divided platinum. 

"V'lien copper is present (as for instance wiih brass), tlie sumfile is 
**ssolved in nitric ayid unil eva|>orated to di-jne*s. Tlie residue ia 
**-»«^en up willi water, and the copper prs^cipitated by electrolysis from 
*^*± snlution previouaiy acidulated witli nitric acid, when lead will be 



"^tmEited on the plati 
Li?*l>ilaled as above descrihed. 



pi^roxide. Tlie Kinc is then pre- 



B. Volumetric assays. — Of the volumetric assays which 
*^ve been recommended — 

1. Scliaffner' 8 assay with sodium snlphiJe^ is used 



h. Ztg. ISaa, p. 231, 30(1; 18S7, p. 60 (Schaffner) ; 1876, p. 148, 
pf< (Liinr) i p. 335 (Tbum) ; p 304 (Tobler). Joum. f. prakt, Cii««, 



more than any other. This is based upon the preripita' 
tion of zinr from ammoniacal solution by means of soditm 
sulphide. The termination of precipitation is indicate<i 
by the blackening of ferric hydrate as below desrril>Grf. 
This assay, if certain precautionary measures are adopted, 
allows of a determination of the zinc to within 0,5 per 
cent. The presence of metals sohible in ammonia (copper 
and mnnguitene ; t)ickel and cdxiH occur but seldoni) 
reqiiires modifications of the method. 

0.5 gramme (7.71 grains) o^ oxidized ores (smithsoiiite, 
calamine), with over 35 per cent- of zinc, and more, if 
the ore is poorer, are dissolved in heated hydrochloric 
acid, with an addition of a few drops of nitric arid, to 
oxidize the iron ; the solution is then supersaturated 
with ammonia ; or, raw, or roasted zinc blende is dissolTcd 
in aqua regia, evaporated to dryness, and the residue 
dissolved in 5 cubic centimeters (0.3 cubic inch) of hydro- 
chloric acid and some water. Copper (also lead, auti- 
nionv, etc.) being frequentlv present, the .solution is pre- | 
cipitated with sulphuretted hydrogen, tiltered, and the 
gas driven off by boiling. 10 cubic centimeters (0.61 
eiibic inch) of aqua regia are added (or some chlorine 
water, or a few drops of bromine may be added to the 
acid solution, or potassium permanganate to faint reddisK 
coloration to the ammoniacal sohition, and allowing it t*' 
stand for one hour) for the higher oxidation of the iVo" 
and munganene (if iron alone is present, an addition o\ 
nitric acid or potassium chlorate suffices), wliich, when 
ammonia in excess is added, are precipitated as hydrate^ 



lisuviii. 486 (EOntzel). Fiesenhis' ZlBclir. IBTO, p. 4Bri (Deus) ; 1S71. !'■ 
aOK (Sclioll). Mnhr, Titrirmetlitide, 1874, p. 406 (K. Molir). Dingle''.' 
cxlviii. na iC. Mobr). PreusB. Zlsclir. BJ. 25 (Haiiipe), Berggoist, 187''' 
No. 3 (Allen lierger Pr), Beiitlile der dcutscb. ciii-m. Ues. !8T9, N»- ''■ 
p. STO CAai'lniKl). 
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oxides, while the zinc remains in solution. The hydrated 
oxides are again dissolved in hydrochloric acid and pre- 
cipitated with ammonia in excess, in order to extract any 
I'psidue of zinc. Both filtrates are then united and 
diluted (to 500 cubic centimeters (30,51 cubic inches) if 
■^ grammes (77.16 grains), and to 175 to 225 cubic 
centimeters (10.67 to 13.72 cubic inches) if 0.5 
gramme (7.71 grains) of ore have been used). 50 cubic 
centimeters (3.05 cidiic inches) of the fluid are then 
placed in a beaker-glass, 1 to 2 drops of a solution of 
'''rrio chloride of the concentration given below are 
dropped into 1 cubic centimeter (0.061 cubic inch) of 
sninionia contained in a porcelain saucer. The precipi- 
tated hydrated feme oxide is carefully rjnsed into the 
heakcr-glass, where it settles on the bottom. Titrated 
■'flution of sodium sulphide (1 cubic centimeter (0.061 
cubic inch) = 0.008 to 0.009 gramme (0.12 to 0.14 
^ain) of zinc) is then added, the contents of the beaker- 
Klass being given a spiral motion in the mean while, so 
*hat the flakes remain on the bottom. The addition of 
^he sodium sulphide is continued until flakes of ferric 
''Side become discolored, and finally assume a brown 
'^olor, which indicates that all the zinc has been precipi- 
tated.' 

T'he following have also been recommended its indicators for recog- 
'"? ^^^ final reaction ; tliougli none of Ihem have taken the place of 
'*^ hydrated ferric oxide. Porei*lain Baturated with ferric chloride 
' "QrreiWJjV/), or paper (Streng) winch is weighted with platinum 
^'''<^ and laid upon the bottom of the beuker-glaaa ; drop samples 
^ ^Mpfproben) with nickel chloride (KUntzil), cobaitous chloride 
' -^eMg), alkaline solution of lead tartrate {F. Mokr)\ blotting-paper 
'^'^-turated with sugar of lead, and then treated with 



^■Lltla 



Advisable to have a stand with three burelies respectively for solu- 
:inc, sodium sulphide, and ferric chloride. 
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bonate (Freteniu4)i nitro-prussiate of sodium (C. Jt/okr); sized paper 
coated with while lead, so-called "polkit" paper (SvAnlt), over whicli 
filtered drops of the fluid are allowed to run. 



The following points must? be observed in order to 
make the assay successful. 

a. The quantity of the liydrated ferric oxide, which k 
added, must not vary too much, and must possess a uni- 
form coherence. This may be produced by dissolviiig 3 
grammes (46.30 grains) of piano wire in aqua regia, and 
diluting this to a bulk of 100 cubic centimeters (6.1 cnbie 
inches). The same number of drops of this solution are 
allowed to fall each time, for instance from a burette, into 
1 cubic centimeter (0.061 cubic inch) of concentrated 
ammonia (p. 209), The ring-like clot of hydrated 
terric oxide which will be formed in about one minute 
may then be rinsed into the fluid which is to be titrated. 

h. The same sluuJe of cnloratioii of the hydrated ferrk 
oxide used in the operation should always be taken a* 
closely as possible to indicate the end of the reaction, n- 
the quantities of sodium sulphide consumed in producinj; 
various shades vary considerably. 

c. The qitantity ofjiidd, into which the added excess of 
sodium sulphide is divided in titrating, exerts a material 
influence in respect to its action upon the hydrated ferrir 
oxide, as, when the quantity of fluid becomes smaller, ft 
smaller excess of sodium sulphide suffices for blackening 
the hydrated ferric oxide. 

In consideration of this circumstance, the volume of liquid is 
measured, according to Tobler, in the smelting works of the Vieilli 
Monlagne, at the lurmination of the titration, and for each 100 cubit 
centimeters (6.1 cubic inches) of it, the volume of sodium sulpliiilt^ 
conaumed is decreased 0.7 and 0.5 cubic centimeier (0.042 and 0.1)3 
cubic inch), its standard being 0.008 to 0.009 gramme (0.12 to O.U 
grain) of zinc to 1 cubic centimeter (0.061 cubic inch). According 
to Tkum, this correctioo can be avoided, hy always bringing all the 
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liquids berorc titration lo an e()ual voliiin«, and by using so murh zinc 
for slandardizing as corresponda to ihe average fwrcenlage, and the 
<]iiitntity of zinc ore used. This zinc is dissolved and the eolution 
diluted to a volume equal to that of the solution of the ore, and the 
titer ol' tbis is taken. Under these conditions there can be no material 
difference in the quantities of sodium sulphide consumed in fixing the 
standard of the solution and of those consiimed in the analyses, and 
therefore the quantities of liquid must b« nearly equal after the tilra- 
lion, and in consequence of this no errors eon occcur on account of 
differences of volumes. 

d. It does not make any difference, as far as the 
accuracy of the assay is concerned, whether the hydrateil 
ferric oxide is introduced at tho commencement, or to- 
wards the end of the titration, if the same order is always 
observed. The heating of the liquid exerts also but little 
influence. 

e. Admixttirea having a disturbing effect must be re- 
moved. Copper^ silver, cadmiwrn, cobalt, nickel, cJiro- 
mlum, manganese, arsenic, and antimony are soluble in 
ammonia, and also lead in small quantities, which last, 
after the precipitation with ammonia, may be present 
either as carbonate, sulphate, and basic chloride, or as 
oxy-salt. Of these, the last two are the more soluble in 
ammonia. Copper, lead, vunujaneae, and iron occur most 
frequently. 

Copper, together with cadmium, silver, arsenic, and antimony, is 
removed by sulphuretted hydrogen. If a small quantity only is present, 
it can be determined by Heine'i colorimetric assay, and titrated with 
Hodium sulphide, notwithstanding the blue coloring of the ammoniacal 
zinc solution, and the total consumption of sodium sulphide, redured 
by the volume corresponding to the pereenlage of copper found. Mati- 
gaiiese is Ihe least injurious of all, and can be easily removed as above 
described, p. 308. It becomes sulphurized later than the hydrated 
ferric oxide, and the percentage of zinc can be accurately determined 
by taking the commencement of the blackening of the hydrated ferric 
oxide as indicator of the final reaction, and not continuing until it has 
turned entirely black. But it is best to first remove the manganese 
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by precipilaiion in CBfe a. considerablu pereeiilngp of it \n pres^a- 3 
TliiK fact muy be recognined by a con cent ratted acid solution, noOm-Mizi 
loaing ita originally dark color, upon dilution. Lead ia removei M 
Bulpliurelted liydrogen nitli ihis copper, or by evaporating llie sls 1 
al4ince lo dryness witli sulphuric acid, after ilm preliminary irealm^si 
wit)) acids, then taking up witli diluted xulpburic acid, and remov'itig 
tbe lead sulpbate by filtration, etc. When more than 5 per cent, of' 
iron is present, the ammoniacul precipitate must always be redisaDlve<f 
at least once. Organic substances, which are eomctimes found in for- 
eign zinc ores, are destroyed by heating to redness with free access of 
air, as otlierwiae they might easily reduce the ferric oxide lo ferrous 
oxide, which is soluble to some extent in ammonia, and decomimm's 
sodium sulphide. 

/ The zinc used for fixing the standard solution must 
be sufficiently pure. 

Good coTnmerciat zinc is purified by smelting oO grammes (771.U1 
grains) in a porcelain crucible over, a lamp ; keeping it in this Blfttfl 

r a quarter of an Itour, poling it ' 






The layer rf 
tfew mionlMi 



oxide is then taken off, and, nfter the metal bus si 
one-half of it is poured inlii another crucible, where the same ope* 
tion is repeated. Half of the metal is again poured off, these inunipU- 
lationa being repeated aeveml Limes. The zinc is then dropped Upw 
a cold zinc plate (the surface of which must be free from oxide) bo 
that each drop forms a small thin disk that may be readily hrokea to 
fragmeniB. It should be kept under a bell-glass with cnleium cldori^- 
The American Passair. zinc ia very pure. 

g. There should be a uniform ligJit in the room during 
the titration, so as to enable the oiierafor to observe rM" 
rectly the coloring of the iron. This is best arranged ^^ 
covering the windows with tracing linen or tissue papt'r 
(Altenberg). 

2. Assay tintk potassium ferrocyanide} — The zinc w 
precipitated from an acid solution hy potassium ferr"' 
cyanide, uranic salt being used as an indicator. "When 

■ Dingier, cicv. 300 (Qalleltl) ; Frcseniua' Ztaclir. 1875, pp. IBB, Ml 
(Lyteand Galletti) ; 1874, 370 (Fnhlbcvg) ; Dingier, cxc. 339 (Bennriil 
5 (Reindl). 
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all the zinc is precipitated, the uranium salt produces a 
brownish stain, when a test is made by taking a drop 
upon a white plate. 5 grammes (77.16 grains) of ore 
are dissolved in aqua regia, and evaporated. Hydro- 
chloric acid in excess is added to the resichie, the copper, 
etc., are precipitated with sulphuretted hydrogen and 
filtered. The filtrate is boiled, the ferrous oxide is oxi- 
dized by potassium chlorate, and ammonia is added. The 
ferric oxide and alumina are then filtered, and again dis- 
solved and precipitated. The filtrate is neutralized with 
hydrochloric acid and an additional 10 to 15 cubic centi- 
meters (0,61 to 0.91 cubic inch) of hydrochloric acid of 
1.12 specific gravity are added. The solution is then 
titrated with the solution of potassium ferrocyanide (1 
cubic centimeter (0.061 cubic inch) ^= 0.01 gi-amme 
(0.15 grain) of zinc) until the appearance of the first 
brownish stain by the drop test with solution of uranic 
salt. 

3. Schoheya volumetric a^say} — The zinc is preripi- 
tated with alkaUne sulphide solution. The excess of 
sulphide used is decomposed with silver solution, and 
finally the quantity of the solution of silver, which has 
been added in excess and remained undecomposed, is de- 
termined hy ammonium sulpho-cyanide accordiug to Vol- 
^ard's method (p. 156). 

It occurs more seldom as an ore {greejwchite, CdS, with 
77.6 Cd) than as a constituent of calamine and zinc 
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49. GALVANIC ASSAY.^ 

Cadmium sulphide is precipitated from an acid solution 
with sulphuretted hydrogen. This (and also cadmium 
oxide) is dissolved in nitric acid, the free acid is neutral- 
ized with caustic potassa, with an addition of potassium 
cyanide solution, imtil the precipitate is dissolved. It is 
then diluted with a sufficient quantity of water, so that 
about 0.2 gramme (3 grains) of cadmium are contained 
in 75 cubic centimeters (4.57 cubic inches) of the liquid. 
The cadmium is then precipitated upon the platinum 
cone (p. 117) with 3 Bunsen elements, the glass contain- 
ing the liquid being placed in a dish filled with cold 
water. The rate of precipitation should be from 80 to 90 
milligrammes (1.23 to 1.38 grains) of metal per hour. 
The light gray cadmium is rinsed off with water, then 
with alcohol, and dried by placing it in a heated platinum 

dish (p. 118). 

X. TIN. 

50. ORES. 

Tinstone (cassiterite)^ Sn02, with 78.7 per cent. tin. 

51. DETERMINATION OF TINSTONE BY WASHING. 

This method is used for testing borings from mines, in 
order to ascertain whether poor tin ores are worth work- 
ing (Saxony); or in concentrating works, to determine 
the quantity of material worth smelting which may be 
obtained from an ore-heap (Cornwall). The specific 
gravity of tinstone = 6.8 to 7.0. 

1 Berichte der deutsch. chem. Ges. 1879, No. vii. p. 759. 



TIN — FIRE ASSAYS. 2\n 

A. Saxtm assay of tin. — A sample of dust, taken by 
volume, is washed in the vanning trough (Fig. 4, p. 29). 

S. Determination of tin hy uiashing in Coi'mcall} — 
50 kUogrammes (110 pounds) of samples are taken from 
different parts of the heap. The mass is comminuted 
and thoroughly mixed. From this, another sample is 
taken, sifted, aud dried, and 55 to 56 grammes (848.77 
to 864,21 grains) of it are weighed off. This is placed 
upon an iron shovel, and washed, by imparting to it, first 
a rotary motion, and then a decided upward and down- 
ward movement. By tlicse operations, the products free 
from tin will be washed away, while those yielding tin 
will, according to their specific gravity, be collected on 
different parts of the shovel. They are then removed, 
and, if necessary, roasted, and again washed. Tins mani- 
pulation requires considerable skill. 



ft 



52. FIRE ASSAYS. 



The object of the.se is to reduce the tin oxide (stannic 
acid) and slag off the admixtures of earths by solvent 
fluxes. The accuracy of the result is impaired, or the 
iiMsay is made difficidt, on account of the tin oxide being 
easily slagged off by acids and bases ; by the difficulty of 
imiting the reduced particles of tin to a single button ; and 
by the presence of many foreign metallic combinations 
and earths which promote the slagging off or the contami- 
nation of the tin. 

The losses by the German method are less than by the 
Enylish or Cornifih method. The assay with potassium 
cyanide gives the highest yield. The tin buttons obtained 
by the fire assay myst be tested in the wet way for the 



L 
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presence of copper, iron, etc., by treating them with nitric 
acid of 1.3 specific gravity, adding water, digesting, filter- 
ing, drying, igniting, and weighing the tin oxide. 

A. German oaitay. — 5 graniraes (77. 16 grains) of rlean 
ore are intimately nibbed together with 0.7.5 to 1 gramme 
(11.-37 to 15.4-3 grains) of powdered charcoal. The mix- 
ture is poured into a suitable frncible (Fig. 42, p. 67). 
and covered with 12..5 to 15 grammes (192.90 to 231.!- 
grains) of carbonaceous black flux or potash with 50 pi : 
cent, of flour, 1 to 1.25 granunes (15.43 to 19.29 grain>i 
of borax glass, and finally with a cover of common salt 
and a small piece of coa!. The charge is exposed for 
three-quarters to one hour to a very strong red heat in the 
reverberatory (p. 59) or muffle furnace (p. 49), or for 
one-half to three-quarters of an hour in the blast furnace 
(p. 60). The crucible is then taken out and allowed to 
become entirely cold, as tin has a low fusing point. It 
is then freed from slag, and the result must be a single, 
ductile button of a tin-white color, which does not follow 
the magnet under water. In case the tin is distributed in 
the slag, this must he washed ofl" and the metal collected 

Other charges: 25 grammes (385.>t0 grains) of ore. 
5 grammes (77.16 grains) of argol, 20 grammes (308.61 
grains) of soda, and 3 grammes (46.30 grains) of Ume, are 
intimately mixed together, and covered with a layer of 
soda and 10 grammes (154.32 grains) of borax. The 
charge is smelted at a strong red heat and kept in fusion 
for twenty miniitcs. Or for siliceous ores : 10 gramme* 
(154.32 grains) of ore, and from 10 to 20 grammes (154.32 
to 308.64 grains) of fluor-spar or cryolite are placeil in ^ 
charcoal-lined crucible and covered with chiircoal. A lid 
is luted on, and the charge is then yery strongly heated 
for one hour. ■ This assay gives a good yield. 

Modifications become necessary — 
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1. When the ore contains many earthy admixtures. 
The ore, before it is reduced, must be washed in a vanning 
trough (Fig. 4, p. 29), in apitz^glasses (Fig. 3, p. 28), 
or in a beaker-fjlass (as silicic acid especially promotes 
slagging off of tin). This manipulation is effectual on 
account of the high specific gravity of tin, but metallic 
admixtures cannot (or can only partly) be removed by it. 

Specific grnvitiep : tinstone, C.H lo 7 ; nHtive bismnllj, 9.6 to 9.>) ; 
igslen, 7.2 to 7.5 ; arsenical {lyrite^. 6 to 6.4 ; copper glance, 5.5 
pyrites, 4.9 to TlI ; copper pyrites, 4.1 to 4.3; roolyb- 
tlenite, 4.5 tu 4.6; magnetic iron ore, 4.8 to 5.2; specular iron ore, 
i-eii lieoiatile, 4.5 to 4.6 ; zinc blende, 3.9 to 4.2 ; ([uartz, 
2.Ca to 2.80; clilorite, 2.65 to 2.85 ; slate, 2.5. 

2. When the ore contains foreign metallic sulpliidea, 
arsenides, and antimonides. 

a. The unroasted ore is either digested with aqua regia 
for half an hour, and then washed by decantation, the 
tungstic acid, from tungsten ores, if any be present, re- 
moved by digesting with caustic ammonia for half an 
hour (the flask being frequently shaken), then washed by 

[decantation and dried (^LevoV), and then reduced: 
b. Or, the dead-roasted ore is treated with hydrochlo- 
ric acid as long as the acid, after the ore has been repeat- 
edly decanted and washed, appears yellow, when a fresh 
addition is made at a boiling temperature ; the ore is 
then washed by decantation, dried, and subjected to re- 
ducing and solvent fusion as above described (p. 21.5). 

3. O'l account of the ease icith ichick tin oxide is slagged 
■For this reason — 

a. The ore is intimately rubbed together with pow- 
dered charcoal (p. 216), ot carbonaceous black-flux, but 
too large a percentage of carbon will render the charge 
lore refractory. 
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218 ASSAYING. 

6. The tin oxide is reduced, before the reducing and 
solvent fusion, by mixing the ore with -J- part of powdered 
wood cliarcoal and igniting it in the crucible. It is then 
charged as above, 

4. When separate grahis of tin are found. — These 
must be collected with copper (bronze being formed), by 
mixing 5 grammes (77.16 grains) of ore with 5 grammes 
(77.16 grains) of puve copper oxide (with 79.14 Cu). 
The mixture is placed in a suitable cnicible (Fig. 42, p. 
67) and 15 grammes (231.48 grains) of black flux and 
1.25 grammes (19.39 grains) of borax-glass are added, a 
cover of common salt and a fragment of coal. The 
charge is gradually heated to a high temperature, and, 
after the "flaming" has ceased, is exposed for three- 
fourths to one hour to a white heat in the muflle or 
wind furnace, or for one-half to three-fourths of an hour 
in the blast furnace. It is then taken out, and, when 
it has become cold, the brittle bronze button is freed from 
slag and weighed. Tiie weight of the copper contained 
in the copper oxide, which was added, is deducted. If 
the copper oxide is not entirely pure, 5 gi'ammes (77.1fi 
grains) of it are fused with the same additions as given 
above and the weight of the resulting copper button is 
deducted from that of the bronze button. 

5. When tin oxide is combined with silicate (as, for 
instance, in tin-ore slags), 5 to 25 gi'ammes (77.16 to 
385.80 grains) of slag are rubbed as fine as possible, the 
metallic tin is sifted out and the fine substance is gradu- 
ally introduced in 12 to 15 times the quantity of potas- 
sium bisulphate which has been previously fused in au 
iron or porcelain crucible under the muflie. The mixture 
is then fused until no more gas bubbles are formed. The 
fused mass is then extracted with boiling water, 
washed with hot water, and the residue reduced as ak 
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Or, 25 grammes (385.80 grains) of slag are mixed with 
10 grammes (154.32 grains) of ferric oxide, 6 grammes 
(92-59 grains) of fluor-.spav, and 100 grammes (1543.23 
grains) of charcoal powder. Tlie mixture is placed in a 
covered crucible and gradually heated to a strong red 
heat. This is kept up for half an hour, and finally kept 
at a white heat for half an hour longer. 

B. Corniah assay of tin. — 50 to 100 grammes (771.61 
to 1543.23 grains) of rich tinstone are mixed with one- 
fourth the quantity of anthracite and some fluor-spar, A 
large wind furnace, such as is used for assaying iron (for 
instance, 254 millimeters (10 inches) wide, 178 millime- 
ters (7 inches) long, and 380 millimeters (14.93 inches) 
deep), is filled.about two-thirds full with coke, and brought 
to a strong red heat. A few pieces of fresh coke are then 
added, and in these a graphite crucible is placed and 
made red hot. It is then taken out, the charge poured 
into it by means of an open mixing scoop, and the cruci- 
ble covered. The charge is then fused for 20 minutes, 
when the white-hot crucible is taken out, and the 
contents is poured into an iron ingot mould. The 
ingot is freed from slag. The slag is pounded fine and 
sifted through a sieve of tin plate having meshes about 
as large as a pin-head. The tin remaining in the sieve 
is added to the ingot of tin, while the fine stuff that has 
passed through the sieve is washed and floated in a van- 
ning trough (Fig. 4, p. 29). The metallic residue from 
the washing is placed in a dish and dried. The three 
lots of tin are then weighed together. The ingot of tin 
is now refined by smelting it in an iron spoon. The film 
which is formed during this operation is removed until 
the liquid metal has a bright non-iridescent surface. It 
is then poured into a gutter in a marble plate, and the 
quantity of the tin judged by the surface and ductility of 
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the resulting rod of metal. When lead and copper 
are present, the surface will exhibit a play of colors and 
will be crystalline, especially towards the centre. This 
assay yields about 10 per cent, less than the true per- 
centage. 

Tbe Cornish asHay is less RCCursle ihan the German, but an expe- 
rienced assHjer obtains results which cODi[)nre well with those ol- 
toineil on a large seaie, and it allows him lo form a judgment of tlie 
qiialily of tin which an ore may be expected to yield, and to fix the 
price lo be paid for it accordingly.' 

G. LevoVs assay loifh potassium cyanide.^ — A sufficieni 
quantity of powdered potassium cyanide is rammed into 
a capacious porcelain or fire-clay crucible to form a layer 
of from 12 to 15 millimeters (0.47 to 0.59 inch) thick. 
5 grammes (77.16 grains) of the powdered ore, inti- 
mately mixed with 5 times the quantity of potassium 
cyanide, are added to that in the crucible, and the whole 
covered with a thin layer of the cyanide. The charge is 
then heated in a moderate fire uniil it fuses, and is kept 
in constant fusion for 10 minutes. The crucible is then 
taken out, and gently tapped to facilitate the formation 
of a single button, and allowed to cool. The button is 
then freed from adhering slag by water. In case copper 
or lead is present, the ore must be freed from them be- 
fore the reduction, by treating it with acid. This is the 
most accurate method of assaying tin (to within one-half 
per cent.), and can be executed in a very short time. In 
case the ore is siliceous, a mixture of 10 grammes (154.33 
grains) of ore, 3 to 8 grammes (46.30 to 123.5 grains) 
of ferric oxide, and 40 grammes (617.53 grains) of potas — 
sium cyanide is placed in a crucible (Fig. 49, p. 117) lined 
with charcoal. The mixture is first covered with potas- 



' B. u. h. Ztg. 1B63, p. 261. 
' Joorn. (Ur pralft. Chemie, i 
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Rum cyanide and then with powdered charcoal. The 
cover is luted on and the charge lieatod at a high tempe- 
rature for one-half to one hour. 
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I A. Gravimetnc amaije. 
1. 1 gramme (15.43 grains) of tinstone is digested 
th diluted afjua regia ; the residue is washed by decan- 
tation and dried. The dry mass is then fused with 3 parts 
sulphur and 3 parts sodium carbonate. The soluble dou- 
ble sulpho-salt of sodium and tin is lixiviated with water, 
itnd the tin sulphide precipitated with hydrochloric acid. 
Sulphuretted hydrogen is then introduced into the liquid 
the resulting precipitate is filtered, dried, roasted, and 
finally weighed as stannic acid, containing 78 per cent, 
tin. By another metliod the ore is digested in aqua 
regia for half an hour, then washed by decantation and 
dried. It is then introduced into a silver crucible, 
standing in a clay crucible, with 4 times the quantity of 
caustic potassa (this is dissolved in water, the very finely 
powdered tinstone is stirred into it, and brought to dry- 
less). It is then fused at a low red heat for half an hour. 
|fhe mass, when cold, is treated with dihited hydrochloric 
cid and evaporated to dryness. The dry mass is then 
(taken up in some hydrochloric acid, gently heated, fil- 
Kred, and precipitated with sulphuretted hydrogen. 
\ tin sulphide is washed, dried, and roasted, some am- 
monium carbonate being added towards the end of the 
leration. The tin oxide is then weighed. 
2. The ore is digested with mpia regia^ the residue 
irith some charcoal is placed in a porcelain crucible and 
leated to redness. The reduced tin is dissolved in hydro- 
hloric acid, and precipitated from the solution with zinc, 



which, in the form of a flat button fastened on the end of 
a copper wire, is suspended in the- fluid. According to 
the proportion of free acid present, the tin will appear in 
brilliant needles, in scales, mossy or spongy: the latter 
condition indicates tlie tt^rniination of precipitation. Tlip 
zinc button is now taken from the liquor, freed Trom the 
tin, and this is pressed together in an agate mortar. It 
is then dried and fused to a button Avith some stearine 
(Moisscnef). Or, the ore is digested with aqua regin. 
decomposed with potassium hydrate, and a solution ot 
stannic chloride in hydrochloric acid is formed as above. 
The tin is precipitated by a rod of zinc. It is then 
washed and dried, treated with strong nitric acid, and 
evaporated to drjTiess. AVhen cold, it is moistened with 
diluted nitric acid and filtered, Tlie tin oxide is thru 
dried, ignited, and weighed. Lead and copper are re- 
moved by the aqua regia at the commencement of tlii' 
operation, or when tlie precipitated tin is dissolved in 
nitric acid. 

B. Volumetric assays. 

1. Defermination of tin hy means of iodine. — A few 
drops of potassium iodide of any desired concentration 
are added to the acid sohition of stannous chloride, and 
then a few drops of diluted starch jiaste. A solution of 
potassium bichromate of 0.02 or 0.01 gramme (0.3 or 
0.15 grain) of the salt in 1 cubic centimeter (0.61 cubic 
inch) is now added drop by drop under constant stirring, 
until the separated iodine does not again disappear. 
and tlie starch assumes a blue color when all the stan- 
nous chloride has been converted into stannic chloride 
(3SnO + CrA= SSnOa+CrA)- The quantity of chro- 
mate decomposed by 100 parts of pure tin dissolved in 
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hydrochloric acid is empirically determined (100 tin =83/*^ 
chromate). 

1 to 2 grammes (15.43 to 30.87 grains) of tinstone are placeil with 
four times the quantity of potassium cyanide in a |>ore<^luiii diiih, and 
•heated for fifteen to twenty minutes. The mass is then poured U|>on un 
iron plate and treated with water. The metallic residue (tin and iron) 
is dissolved in hydrochloric acid, the tin precipitated with zinc, again 
dissolved in hydrochloric acid, and titrated with potansium bichromate 
in the presence of potassium iodide and starch. (I/art.y 

According to Lenssen^ more accurate* rc»siiltH nmy Im» 
obtained by dissolving stannous salts (stannous rlilo- 
ride) with an addition of tartaric acid, or potiissiiun- 
sodium tartrate, in sodium bicarlxniatc*. Some starcli 
paste is added to the clear solution, and it is then 
titrated with solution of iodine until tlie blue color a))|)ems 
(SnO + 2I + Na20=Sn02+2XaI). The iodine solutiou 
is standarized by dissolving 12.7 grammes {\\H) grains) 
of pure iodine, and 20 to 30 grammes (308.04 to 402.97 
grains) of potassium iodide in 10(K) cubic centimeteK 
(61.02 cubic inches) of distilled watci^r. A quantity <if 
pure tin, accurately weighed, is dissolved in hydro^^hloiie 
acid, tartaric acid is added, and the solution su|x^rsatu£ated 
with sodium bicarbonate- Solution of starch i8 added, 
and the iodine solution is gradually added from the b^ 
rette until the liquid becomes blue. Two atoms of inttol^ 
(254) correspond to one atom of tin (lib). This 
may be especially recommended for the detection of < 
quantities of tin. 

2. 'Dei^rrainoution of tin hy means of ].i>otas8ium 
ganate. — 5 to 10 cubic centimeters (0.3 to 0^1., 
inch) of solution of stannous chloride are ti 




' Dingier, ccx. 894. 

> Joum. f. prakt. CUeiu. jxxvili. Wi. Kohr, TitrixMl 
311. 
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boiling solution of ferric chloride containing free hydro- 
chloric acid (SnCl, + Fe,Cl« = Sna, + 2FeCl2). The 
ferrous chloride which is formed is titrated, after dilution 
with water, with standard solution of potassium perman- 
ganate, until the liquid hecomes reddish (p. 127), The 
value of the standard solution is determined by placing 
0.2 gramme (3.08 grains) of freshly precipitated tin in a 
platinum crucible, and dissolving it in hydrochloric acid, 
in a current of carbonic acid. Ferric chloride in excess 
is added, and solution of potassium permanganate is then 
added, until the last drop colors the fluid perceptibly, 2 
equivalents of iron = 1 equivalent of tin. A correction 
becomes necessary, as experience has shown that more 
potassium permanganate is consumed in titrating ferrous 
chloride than stannous chloride. 
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Native bismuth, lismvth gtance, Biifis, with R1.25 Bi; 
cvpri/erous bismuth, CuBiS.j, with 62 Bi and 18.9 Cu; 
ielradymite, Bi/reg, with 51.94 Bi ; lismuth ochre, BijOj. 
with 89.65 Bi, and others. 
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, These are inaccurate, as bismuth votalizes, and, in 
the ore is impure, foreign metals collect in the brittle 
button. 

1, Ores and componnda free from mdphur (native bis- 
muth, tetradymite, bismuthic cupel ash, etc,). 5 grammes 
(77.16 grains) of ore with two and a half to three times 
the quantity of black flux, or potash and flour, and 2.5 to 5 
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gi-ammes (38.59 to 71.16 grains) of borax-glass, are placed 
in a snitable crucible (Fig. 42, p. 67) and covered with 
a layer of common salt. It is then placed in the muffle, 
and, after the " flaming" has ceased, fused for twenty-five 
to thirty minutes at not too high a temperature. Or, 10 
to 20 grammes (154.32 to 30^.64 grains) of the sub- 
stance are heated with two and a half to three times the 
quantity of borax-glass, an equal weight of soda, and 5 
to 10 grammes (77.16 to 134.32 grains) of potassium 
cyanide, with a covering of common salt. Lead, tin, and 
copper pass partly into the bismuth, and must be removed 
by the wet method. 

2. Sulphurized bismuth ores. — Five grammes (77.16 
grains) of ore are placed in a crucible and covered with 
1.25 to 1.5 grammes (19.29 to 23.15 grains) of thick iron 
wire and 2.5 to 10 grammes (38.58 to 154.32 grains) of 
fine shreds of silver; upon this is placed two and a half 
to three times the quantity of black flux or potassium 
carbonate, and flour, on this 1| to 2 grammes (23.15 
to 30.86 grains) of borax, and a covering of salt. The 
charge is fused as in the lead assay, when the suffi- 
ciently ductile alloy of silver with bismuth can be sepa- 
rated from the iron. The percentage of bismuth is 
found by deducting the added silver. Arsenic must be 
removed by a previous ignition of the ore, with exclusion 
of air ; but antimony, with an admittance of air. Lead 
passes into the bismuth, and copper, if not too much of it 
is present, is slagged off. 

Joachimilkal : 5 grammes (77.10 grnins) of ore lire fused with 2 
grHmmes (30.H7 grains) of eodium carboiiattj and 1.25 grammes 
(19.29 prains) of iron turnings with u covering of common salt. Tlie 
resulting plumbiferous button is dissolved in nitric auid, thi: lead is 
snparated as lead chloride by Patera's metliod, which will be given 
Inter on, or the bismuth separated, as metal, from a weak acid sulu- 
IS 
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tion by means of a strip of IpmiI. Tamm's proeetx : Ore free frOTn 
ling of 2 pnrls potassium or sodium 
'. 't\\ an addition of some potassium 
of ore will] 5 parts potassium or 
salt, 1 part pnwilerei] wood-cliar- 
The bismuth is sepnrated (with 
little copper, moet of the hitter 
The presence of iron induces vaorr. 
intimony and arsenic and lead (partly) 
vith 5 times the quanlity of 
polaiisiuni cyanide, in a porcelain crucible, washes the resulting metal 
grains quickly with wati^r, then with dilute alcohol, and weighs. 
In fusing, no black pulverulent residue of bismuth sulphide muel 
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56. WET ASSAYS. ^1 

While the volumetric as^ai/s^ which have been recom- 
mended are of no practical importanee, the gravimetric 
methods are mostly complicated, the available dociniastic 
tests being, as a general rule, limited to the separation of 
bismuth from lead. 

A. Assay of ore.~2 to 3 grammes (30.87 to 46.30 
grains) of ore are dissolved in n'itiic acid, and evaporated 
to dryness. Some sulphuric acid is then added, the mass 
stirred, and again evaporated to dryness. The residue is 
now dissolved in water, and filtered. The filtrate is 
precipitated with ammonium carbonate in excess, filtered 
off, washed, dried, ignited, and then weighed as oxide, 
containing 89.65 per cent, bismuth. 

B. Separatiov. of bismuth from had. 

1. According to Patera. — The plumbiferous bismutli 
is dissolved in nitric acid. The solution is considerably 



' Fldficiier, Titrirmetliode, 1876, p. 87. Muir, in Bcr. d. Jeutacb. them, 
Oesel. 1877. p. 2051. Buisson, in Freseniua' Zlschr, 1874, p. el. Pear- 
in Mitchell's Practical Assaying, 1868, p. 643. 
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diluted with water, upon which the liquid must not be- 
come turhid. The bismuth is then pi-ecipitated froni the 
'weak acid solution with a bright strip of lead. The 
pulverulent black bismuth is removed, and washed with 
water and alcohol. It is then dried at a temperature not 
over 120° C. (2i8° F.), and weighed. Or, hydrochloric 
acid in excess is added to the diluted nitric acid solution 
and then some strong alcohol ; the silver chloride and 
lead chloride are filtered off, and the bismuth is precipi- 
tated from the filtrate with ammonium carbonate. The 
carbonate is washed, dried, and ignited, and the bismuth 
determined as oxide (Bi^Os with 89.65 Bi), 

Determinntion of the percentage of lead and tilrer: The com- 
bined metallic cliloi'ides are weighed upon a wein[lied filter and then 
uupelled. The silver is calcuhited to silver chloride, the yield de- 
ducted from the weight of the combined chlorides, and the lead 
calculated from the lead chloride found by difference. Copper is 
determined by eya])orating the ammoniacal fillriiie to dryness with 
sulphuric acid. The dry mass is taken up in water, and the copper 
precipitat<;d with iron or xinc (p. 111). 

2. Acconlivg to Ullgreen. — The solution of bismuth in 
nitric acid is precipitated with ammonium earbonate. 
Thc lead and bismuth carbonates are dissolved in acetic 
acid, and the bismuth is precipitated in a well-closed ves- 
sel with a bright strip of lead. It is then filtered, washed, 
and dissolved in nitric acid. The mass is then evapo- 
rated to dryness and heated, when bismuth oxide remains 
behind. 

Tin oxide (also antimoniouB acid) remains behind in nitric acid in 
dissolving the alloy. The residue is then washed with alcohol, dried 
and weighed. Lead and hUmntk are precipitated from the filtrate 
with ammonium carbonate (see above), and the copper from the filtrate 
M above. 



XII. MERCURT. 

57. OKES. 

Cinnabar, HgS, with 86.2 Hg ; native mercury, met 
curial fetrahedritea, with 0,5 to 17 per cent. Hg. 



58. FIRE ASSAYS. 

The object of these assays is to separate the sulph 

either by union with alkalies, iron, lime, etc., or to oxi- 

dize it by means of lead oxide, by heating the ores in _^ 
retorts, tubes, or crucibles, and condensing the mercurial -^^ 
vapors liberated into liquid mercury, which is weighed—^ 
either by itself, or, what is more accurate, in combination—:^ 
with gold. In smelting works, where many assays have -^^ 
to be made, small distilling furnaces' are generally on -*^ 
hand for this purpose. Notwithstanding the defects or^^' 
the fire assays, it has not been possible to replace them by^^# 
simple wet methods.* 

A. Assays yielding free mercury. — 140 to 1800^^ 
grammes (2160.53 to 27,778.23 grains), according to^=^^^ 
richness, of cinnabar ore, arc heated with one-half or equal .M^^ 
parts of black flux, or 50 per cent, iron filings, or 30 pei 
cent, lime, and 30 per cent, powdered wood charcoal, eithei 
in clay or iron retorts, in the latter case without iron filings 
(native merciiry ore, almagam, etc., it is best to heat 
glass retorts), at a slowly increasing heat, in a suitabl<E= 
furnace (Figs. 34 to 36, pp. 62, 63). The vapors are con — 
densed in the receivers represented by Figs. 34 to 36, o^W 
in a wet linen bag tied to the end of the stem of the retort^ 



■ B. II, h. Zlg. IMi, p. 394 (Idria). 

• Muspiall's Clicm. v. 1306. Molir, Tilrirmethode, 1874, pp. 
441, 438. 
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the lower part of the stem being at the same time kept 
cool by moist strips of linen or paper tied around it. The 
mercurj' adhering to the neck is removed by gently tapping 
and wiping out, and that from the receiver is dried with 
absorbent paper and caustic lime, and weighed in a watch- 
glass. 

Idria:' 140 grammes (2160.52 grains) of ore, with two or three 
spoonlulsof powdered lime, are placed in iron distilling tubes of about 
a2 millimtfters (2.04 inuhea) dimneier, lying in two rows, one above 
the otlier, on each side of a t'urnace. The receivers are luled on. and 
the process is finished when Ihe tubes show a brigbt-red heal. The 
loss of mercury is considerable.' Hunijari'an mercurial telrahedrtte i' 
The ores are heated witb the fame quantity of iron turnings — roasted 
ore at the same time with an equal quanlilj- of lead oxide* — in glass 
retorts resting upon clay dislies. Thu neck of the retorts, when the 
operation is finished, tire broken off by a blow, and the mercury is re- 
moved by means of & wiper of rabbit fur. It is then collected into a 
globule and weighed. Rose'* melliod : A body of magnesile (or chalk 
with an equal quantity of sodium bicarbonate) , 2() to 52 millimeters 
(1.02 to 2.04 Indies) long is introduced into « glass tube, closed at 
one end, and measuring 314 lo 470 millimeters (12.36 to 18.5 inches) 
in length, and '3 to 13 millimeters (0.35 to 0.31 inch) in width, 
tiinate mixtnre of the ore and quicklime in 
me with which the mortar has been cleaned 
and upon all a, loose plug of asbestas. The 
e is drawn out and bent lo an obtuse angle, 
row-necked flask, so that its end just touches 
The horizontal part of the lube is 
back in a comhtittion furnnce, SMch 
i used for organic analyses (Fig. 58, without the cylinder on the 
righlj. When the operation is finished, the bent end of the tube, in 
which the mercurial vapors have been condensed, is cut off, and the 
mercury, which has been protected from oxidation by the current of 
carbonic acid which is developed, is collected in the matrass. This 



Upon this is placed 

otf, then more quie 

open end of the gli 

and introduced into a narrow 

the water contained therein, 

gradually heated from front 



, ti. h. Ztg, 1854, p. 394. 
, n. h. Zlg. 1854, a57. 
, n. L. Ztg. lees, pp. 24, 262. 
w Bergwerksfreund, v. 127 (Berllii* 



r). B. u. h. Ztg. 1878, p. 20fl (At- 




B. Assays in which the merciirij is determined in com- 
hinatioii.with gold. — These are the most accurate assays, 

1. Eachha'a process} — The quantity of ore taken for^ 

the assay varies according to its richness. If the ore car- 

ries as much as 1 per cent. 10 grammes (154.32 grains),.^ < 
1 to 10 per cent, 5 grammes (77.16 grains), and over 10*"^ 
per cent. '2 grammes (30.87 grains) are used. The sample=^^« 
is placed in a porcelain crucible, the edge of which*^^ 
has been ground smooth, and mixed with half its quantity*^^ 
of iron tilings free from grease, covered with a layer ot ^^' 
iron filings 5 to 10 millimeters (0.19 to 0.39 inch) thick, ^=s- 
A well-fitting concave cover, made of fine gold, anc-^ ^ 
previously accurately weighed, and the concavity of which^d 
is fiUed with distilled water, is now placed on the crucibl^^S- 



' Oeatr. ZtBcIir. f. Brr^. i 
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The lower part of the crucible is heated by a flame for 
about 10 minutes, during which time the mercury is vola- 
tilized, and deposits itself on the gold. The gold cover 
is now removed, the water in its concavity poured off, 
and the minor of mercury washed with alcohol. The 
cover is then dried for about two or three minutes iu the 
water-bath, placed upon a tared porcelain crucible and 
allowed to cool in the desiccator, and then both the 
mercury and crucible are weighed together. The most 
ficurate results are obtained in the case of poor orea 
prying up to 10 per cent. Hg. 

S. KiisteVa assay} — This is executed in a manner similar 
' the above, before the blowpipe, with the difference that 
the heating is done in a tube, the front end of which is 
provided with a gold spiral, 

C. Assay of cinnabar. — 10 grammes (15432 grains) 
of cinnabar ore are introduced into a glass retort (Fig. 35, 
p. 63), and heated. The sublimate of mercury sidphide 
■which deposits itself in the neck of the retort is collected 
and weighed. Some metallic mercury freed by organic 
substances, which may have been present, may be mixed 
with the sublimate. This is removed from the sublimate 
l)y nitric acid, and the quantity of mercury dissolved 
ascertained by the difference in weight. 86 parts of mer- 
cury correspond to 100 parts of cinnabar. 

ilThese may be — 
A. Gravimetric assay. — 1 gramme (15.43 grains) of 
cinnabar is heated with aqita regia, and repeatedly evapo- 
rated with hydrochloric acid, in order to expel the nitric 



1. li. Ztg. J874, p. 70. 
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acid. The solution of chloride is boiled with stannous 
chloride in excess, the clear fluid is poured off, and the 
beads of metal are collected into a coherent globule, by 
heating it again with some stannous chloride and a few 
drops of hydrocliloric acid. Thfi mercury is then washed 
by (lecantation, first with water containing hydrochloric 
acid, and then with pure water. It is now introduced 
into a small porcelain crucible, previously weighed, aiid 
the greatest part of the adhering water removed by means 
of filtering paper. The mercury is then dried in a d< 
cator (Fig. lla, p. 4:3), with concentrated sulphuric 
and weighed. 

B. Volumetric assays} — These are mostly complicatei 
and possess no advantage over the ordinary analytical 
determination by weight, or, are not generally availal 
as they require the absence of certain metals. 



^ 



Xni. ANTIMONT. 

GO. OKES. 

Stihnite {antimony mlphidt), SbySj, with 71.77 Sb;« 
lentinite {antimony oxide), SbjO,, with 83.56 Sb ; puL 
siillnte {antimo^iyoseysulpJiide), Sb.^03.SliaS3, with 77.2l8 

61. FIRE ASSAYS. 

The assays of antimony sulphide, which is the prinj 
pal ore, are inaccurate on account of the volatUizationJ 
antimony, incomplete decomposition by alkaline carbt 
ates and even by potassium cyanide (4 parts), as well,! 
on account of iron, which always passes partly into I 



, 43G, 438, 441. Fre» 
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antimony. There are likewise no simple docimastic tests 
by the itet method.' Sometimes the yield of antimony 
sulphide (antimonium crudum) contained in the ore is 
ascertained by the liquation process, by an assay on a 
small scale. 

A. Liquation proces»/or determining antimonium ar'U>- 
ditm. — 1 to 1| kilogrammes (2.2 to 3,3 lbs.) of ore commi- 
nuted to fragments the size of a hazel-nut or walniit are 
introduced into a covered crucible having a perforated 
bottom and fitting air-tight in another crucible in such a 
manner that sufficient space is left between the two to 
allow the fused antimony sulphide to collect in the lower 
crucible. The lid and the joint between the two cruci- 
bles should be luted with tire-clay and sand. The lower 
crucible is surrounded with some poor conductor of heat 
(ashes), and the upper ore with live coals, kept in a glow 
with a bellows, and heated to a moderate red heat. The 
antimony sulphide will melt and collect in the lower cru- 
cible. 

B. Determination of antimony in antimony sulphide. 
1. Assay hy precipitation. — 5 grammes (77,16 grains) 

of ore are fused in a crucible with the same or double the 
quantity of black flux, or potassium carbonate and flour, 
about 2 grammes (30.87 grains) of iron filings, 0.75 to 
1.25 grammes (11.57 to 19.29 grains) of borax-glass, and 
a cover of common salt. The fusion is continued for 
three-quarters of an hour. When the operation is fin- 
ished, the brittle regulus is freed from slag, and the ad- 
hering particles of slag are removed by washing. The 
yield by this assay is about 68 per cent., and if more 

' FreBeniaB' ZtBcbr. xvii, 16.1 (Becker'a gewichlBanalytiaclio Probe) ; 
Mohr. Tilrirmelhode, 1874, p. 207, 308 ; MuspraU's Chemle, i. 830 ; Fleischer, 
~" irirmethode, 1876, p. 209. 
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iron is added, it will appear to be larger on account of 
the contamination of the antimony by iron. 

5 grammes (77.16 grains') of antimony ore are mixed in a crucible 
(Fig. 39, p. CC) will. 10 grammes (154.32 grains) of anhydrous 
potassium ferrocyaniile. Tlie mixture is covei'ed wttli 2.5 gmmmea 
(38.69 grains) of potassium cyanide aod heated to a eherry-red heat. 
The yield is 72 per ceaO—On 10 grammes (154.32 grains) of ore, 
and 40 lo 50 grammes (617.29 to 771.G2 gmina) of potassium cyanide, 
with a covering of common sail, are fused at u high temperature. — Or ; 
100 parts of antimony sulphide, 42 parts uf iron filings, 10 parld of 
sodium sulphate, and 2 parts of powdered wood charcoal are fused. 

Yield 62 per cent, antimony Or: 100 parts of antimony sulphide, 

HO parts of iron slag, 50 parts of sodium earhonate, and 10 parts wood 
cliarcoa!. Yield 60 per cent. Iniimre buttons are comminuted an3 
treated with concentrated nitric acid, filtered, the prpcipilate of nnii — 
monic acid washed, dried, and ignited in h porcelain crucible. It i» 
then weighed, and the weight found multiplied by 0.7922 gives the 
metallic antimony. 

2. Boastivg and radvcing msay. — Tlie ore, which is 
very fusible, is carefully roasted at a very gradually rising 
temperature until a yellowish-white powder has been 
formed. This is fused for about three-quarters of an 
hour with the same or double the quantity of black flux, 
or potassium carbonate and flour, with a cover of comnion 
salt. If necessary some borax is added. The yield will 
be at the utmost from 64 to 65 per cent. Sb. Oxidized 
ores do not require roasting, and are fused with 3 parts of 
black flux (with 1 part of argol), 1 part of sodium carbon- 
ate, and 15 per cent, of powdered wood charcoal, at not 
too high a temperature: or, 10 grammes (154,32 grains) 
of ore with 25 grammes (385.80 grains) of black fliw 
aud 1 part of argol with a cover of salt. 
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Hamely : — 

Gravimetric assay. — 0.5 gramme (7.71 grains) of 
ttimony sulphide is dissolved in aqua rcgia, some tar- 
taric acid is added, and the solution is filtered. The fil- 
trate is saturated with ammonia and an excess of yellow 
ammonium sulphide, and digested for some time on the 
water-bath. It is then filtered, but without bringing the 
precipitate upon the filter. This is again digested with 
ammonium sulphide and then filtered. The antimony . 
sulphide is thrown down out of the filtrate by the addition 
of diluted hydrochloric acid. The sulphui'etted hydrogen 
is driven off on the water-bath, and the liquid then filtered 
upon a filter, previously dried at 100° C (212° F.), and 
weighed, washed with sulphuretted hydrogen water, the 
precipitate dried at 100'^ C'. (212° F.) until the weight re- 
mains constant. A part of the contents of the filter is then 
weighed off" in a small porcelain boat, placed in a glass 
tube, and heated in a current of carbonic acid gas (Fig. 
58, p. 230), in order to remove the sulphur in excess, 
until no more of the latter escapes. The SbjSg, contain- 
ing 71.8 per cent. Sb, is weighed, and from this the anti- 
mony contained in the entire mass in the filter is calcu- 
lated. 

2, Volumetric method. — The antimony sulphide is dis- 
solved in hydrocliloric acid, and heated until the odor of 
sulphuretted hydrogen can no longer be detected. Tar- 
taric acid, or potassium-sodium tartrate, is added, and the 
solution supersaturated with a cold, saturated solution of 
sodium bicarbonate in the proportion of about 20 cubic 
centimeters (1.22 cubic inches) to 0.1 gramme (1.54 
grains) of SbaO^, The result will be a solution, which, on 
the addition of iodine, will be converted into antimonic acid 
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and hydriodic acid. SbHO„+2I+H,0=^SbHO.,+ 2H 
Starch solution is now added, and a sufficient quantity o 
titrated solution of iodine to color tlie fluid blue is allowed 
to drop into the solution from a burette. A decinormal 
solution of iodine ia prepared by dissolving 12.7 grammes 
(196 grains) of iodine in potassium iodide, and diluting 
this to the bulk of 1 liter (1.7fi pint), 2 atoms of con — 
sumed iodine correspond to 1 molecule of antimony^ 
oxide, or 1 cubic centimeter (0.061 cubic inch) of solution 
of iodine to 0.0061 gramme (0.09 grain) of antimon)^ - 
The standard of the solution of iodine is determined by 
titration with tartar emetic, observing the same condition, ti 
regarding the concentration and quantity of the reagents 
(tartaric arid, sodium hydrocarbonate, etc.) in the subse- 
quent titration. 

See "XVIII., Sulphur," concerning the indirect determination ■:>' 
antimony in Sb^S, by tho quantity of anipliuretted hydrogen evoli'e-*' 



nV. ARSENIC. 

63. ORES. 

Native arsenic, mispiclcel, FeAsS, with 46 As ; fcHco- 
pyrite, FejAsa, with 66.8 As ; nickel and cobalt ores, etc. 

64. FIRE ASSAYS. 

The object of these is to determine the quantity of 
arsenic, or of its compounds, which may be obtained from 
the ores. 

A. Native arsenic. — 300 to 500 grammes (4629.70 to 
7716.17 grains) of mispickel or leucopyrite (when arse- 
nious acid is present the ores are mixM with 16 to 20 per 
cent, powdered charcoal, and with potassium carbonate 
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in case metalHo sulphides should be contained in the 
ore) are introduced into a clay tube, one end of which is 
rlosed. A spiral of sheet iron Is placed in the open end, 
and the tube is closed by a sheet-metal cap, which is 
loosely luted on. The tube is then brought into the fur- 
nace, and the charge is gradually heated for one to one 
and a half hours to a red heat, the end with the spiral 
projecting from the furnace. When the operation is fin- 
ished, the tube is allowed to cool, and taken out. The 
sheetriron spiral is tlien taken out and unrolled, and, if 
the operation has been conducted at the projwr tempera- 
tures, scales of white, flaky arsenic and some gray pow- 
der, both allotropic modifications of arsenic, will fall off. 
The product is then weighed (FeAsS = FeS-}- As and 
FeaAs3=3FeAs-|-As). 

White metallic seatei will be Hie n^siiU, when iht! receiver is small 
and litis neorly the same lemperalure as cbiit ut' the arsenical VH[iore ; 
and gray powder, when the receiver is Urge or has a decidedly lower 
lemperature than that of the arfienicul vapor, and when it is evolved 
along with other heuted gaaes (as in the reduction of araenious acid 
liy charcoal). 

B. Arsenious acid. — 2 to 5 grammes (30.87 to 77.16 
grains) of ore are placed in the open end of a refractory 
glass tube, the other end of which, somewhat drawn out 
and bent in a right angle, projects into a large Woidff 
bottle. The end of the tube containing the ore is laid 
so as to inrline somewhat upwards, in a combustion fur- 
nace (Fig. 58, p. 230), and heated. The WouJff bottle 
is connected with an aspirator, when the arsenious acid 
vrM deposit itself in the straight and curved part of the 
tube, and in the Woulff bottle. It is driven by heating, 
from the horizontal to the bent part of the tube ; this is 
cut off, the arsenious acid is wiped out with a feather, and 
then weighed together with that contained in the bottle. 
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C. Realgar (red orpimen.t'), "(vith 70.03 As, and i/eUme 
orpimenf, ASjjS,, with 60.9 As. — The ohject of the doci- 
mastic tests is to determine the quantity of orpimenls 
which can be prepared from the raw materials in qnes- 
tion, or to ascertain the proportions of these to be added 
in certain technical processes. 

1. Assai/g for the deiermmation of realgar. — Iron 
pyrites (TFeS2=FeSa+6FeS + 6S=23 per cent. S) and 
arsenical pyrites (FeAsS=FeS-|- A8=46 per cent. As) 
in different proportions (20 to 30 grammes^308.64 to 
462.97 grains, or more) are heated in a glass tube closed 
at one cnd,"or in a glass retort, whereby realgar is suli- 
limed. This is fused in a porcelain crucible, and its color 
examined. Lighter or darker shades can be given to tlie 
colgr by adding, respectively, sulphur or arsenic. 

2. Assays for the determination of yellow orpimeni.— 
A mixture of arsenions acid with sulphur (together 10 to 
20 grammes, 154.32 to 308.64 grains) in different pro- 
portions is heated (generally with 6 to 12 per cent, ol 
sulphur, or less) in a glass retort at a gradually risins 
temperature, until the subhrnation of the yellow product 
is tA)mplcte. 

While the native yellow orpiment is a combiDation of As,S,, Jilti- 
cult to dissolve in auiJs, the ariijicial pi-oduct consists pvinoi]mllr "I 
arsenious acid colored by a few per cent, of arsenic sulpliide, and isw"- 
gequentiy very poieonous. 

65. WET ASSAYS. ^H 



These may be — 

A. Gravimetnc assays, 

1. Wet assay. — ^ to 1 gramme (7.71 to 15.43 grains) 
of ore is ignited in a porcelain crucible at a strong w' 
heat, with 4 to 5 times the quantity of saltpetre, and U 
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times the quantity of calcined sodium carbonate, with M 
thick coTering of these fluxes. When the crucible is 
cold, the potassium arseniate is extracted by lixiviation 
with hot water, and evaporated to dryness with nitric 
acid. The dry mass is treated with water, the sUicic acid 
filtered off; the filtrate is treated with ammonia in excess, 
then with a solution of magnesium sulphate (or at once 
with magnesia mixture prepared from 110 parts of crys- 
tallized magnesium chloride, 700 parts concentrated 
ammonia, 140 parts ammonium chloride, and 1300 parts 
water). The liquid is allowed to stand for 12 hours, the 
ammonium- magnesium arseniate, 'i(MgN H^. As04) + HoO, 
is filtered off upon a filter previously dried at 100° C. 
(312^ ¥.% and weighed ; 100 parts of salt dried at 100° C. 
(212° F.) and weighed, will contain 60.51 parts of arsenic 
acid, corresponding to 65,21 per cent, of arsenic and 86.08 
per cent, of arsenious acid. By igniting very carefully and 
not too (juickly, the magnesium salt passes into Mg-jAs^O,, 
Or the sample is digested in strong nitric acid with the ad- 
dition of a few crystals of potassium chlorate. The solution 
is dihited with water and filtered. Some lead nitrate in 
solution is added to the acid liquid, when lead sulphate 
wUI be separated, lead arseniate remaining in solution. 
The precipitate of lead sulphate is filtered off, the filtrate 
saturated with soda, when the lead arseniate will be sepa- 
rated. This is filtered off, washed, dried, and weighed. 
100 parts arseniate = 22.2 parts of metallic arsenic, or 29 
parts of arsenious acid. 

2, Wei method combined ivith the dry} — 1 to 1| 
grammes (15,43 to 23 51 grains) of the substance is fused 
in the manner indicated under 1, with saltpetre and 
sodium carbonate, in order to obtain a solution of alkahne 



L 
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arHcniate. The filtrate is saturated with nitric acid, anc 
utroTif^ly diluted in case sulphuric acid is present. Silvei 
nitrate in (?xcesH is then added, and sufficient ammonia U. 
rnxim th(^ pnn^ipitate to disappear. The excess of ammonia 
Ih evai)orat(Ml without boiling until its odor has disap- 
p(?ar(»(l. The silver arseniate is then filtered off, dried, 
and Hnu^lted with lead, and the arsenic calculated from 
the* (iiumtity of silver found, 1 atom of arsenic being pre- 
cipitated to 3 atoms of silver, or 100 silver corresponds to 
*i3.ir) arsenic = 35.5 arsenic acid. 

H. Vohfmcfrir assiij/s. — The method most used is T. 
J/c)/irV eiifimatioii of arseniotis acid; according to which 
arscMiioiis acid combined with soda is completely con- 
verted into arsenic acid by iodine (As2O3+2l2+2Na30 = 
4Nal + As,0,V 

A sohition containing in 500 cubic centimeters (30.5 

cubic inches) 2,5 grammes (38.58 grains) of iodine and 

4 grammes ((U.I 3 grains) |X)tassium iodide, or in 1 c.cm. 

0,lH>.> gramme (0,017 grain) of iodine, is added to a 

si^lntion containing sodium arsenite, sodium bicarbonate, 

and st^mo starch ]>aste. Fixing of the standard: 4.95 

gramme^ ^^"i^.3S grains) of arsenious acid are placed in a 

flask and diss^^lxi^i in sodium bicarbonate, in about 200 

cxibic contimotors (12,2 cubic inches) of water. The 

ol(^ar Si^lntion is ]v>nred off, and sodium salt and water 

arc added in small portions until solution is complete. 

It i> rhoii trjnisferred to a liter fla4u 20 to 25 grammes 

^^i^0>.t>4 to :>S.S,SO grains) more of sodium bkaiibonate 

arr thor. added, and the flask is "filled up to the mart 

K^ I. rm. of this solution are taken, same fresh staick 

solutior; and sodium bicarbonate added, the fifni^ihiteu 

to about 1 .^0 ( . cm., and then tilrrted ^Mtk Ae iohtio' 
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of iodine until the blue color appears, which must not 
disappear even when sodium bicarbonate is added. 
Arsenic acid must be reduced to arsenious acid by intro- 
ducing sulphurous acid gas into the hot acid solution, or 
by the addition of sulphites. 

XV. URANIUM. 

66. ORES. 

Pitch blende^ Ui'nOg, with 84.9 Ur. 

67. WET ASSAYS. 

Namely : — 

A. Gravimetric assays. 

1. More ojccurate analytical process. — 1 to 2 grammes 
[15.43 to 30.87 giains) of ore, etc., are decomposed with 
concentrated nitric acid. The solution is diluted and 
the residue and precipitate (silicic acid, lead sulphate, 
basic antimony and bismuth salts) are filtered off. The 
irsenic acid in the filtrate is reduced by means of sulphur- 
5us acid to arsenious acid, and the sulphurous acid removed 
by boiling. It is then precipitated with sulphuretted 
bydrogen (As, Sb, Pb, Bi, Cu), filtered, and the sulphur- 
etted hydrogen removed Iby boiling. The iron is then 
oxidized by potassium chlorate, ammonium carbonate in 
excess added, and the liquid filtered. Amnionium sul- 
phide is now cautiously added in the cold in order to pre- 
cipitate Mn, Zn, Ni, Co, leaving the uranium in solution. 
The liquid is then filtered, and the filtrate heated with 
Idtric acid to separate sulphur. It is now again filtered, 

i when the solution has become cold, the uranium is 

dpitated, as brownish-yellow ammonio-uranic oxide, 
.16 
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by ammonia. This is filtered off, washed, dried, and 
ignited to green uranoso-viranic oxide (UrOs.2UrOs = 
UrjOs), with 84.8 uranium, con-esponding to 96.22 uran- 
0U8 oxide (UrOa) and 101.9 uranic oxide (UrO^). 

2. Patera'K tevhrnral iesf.^ — 5 grammes (77.16 grains) 
of ore are dissolved in nitric acid, not in excess. The 
nnfilteied solution, which has been freed from the excefs 
of nitric acid by Iwiling, is super-saturated with sodium 
carbonate, boUed for a short time, and the solution con- 
taining the sodic-nrauic carbonate is filtered into a golcini 
dish. The solution is evaporated to dryness, the residiu' 
ignited and extracted with hot water, and the insohible 
acid sodium uranate (Ur.NaaOr) is filtered off, igiiitcd, 
and weighed. 100 parts of the weight obtained equals 
88.3 parts of uranoso-uranic oxide. 

In case a golden capsule ^lioiiltl not bu al hand, the solution of ibi- 
uranic oxide in soda U trcaled with sodium hydrate in oi'der to jire- 
cipitale liydraled acid sodium uranate. It is tiien filtered, washi-il. 
Hnd dried, and the precipilHte is removed as much as possible 'rnni 
the filler and ignited logetltttr with the ash of the filter. It is iIh'" 
again washed upon [he filter and dried and ignited. In case a con- 
siderable quantity of copper is present, a small quantit}' of it passe? 
into the alkaline solution. 

B. Volumetric assay} — 1 to 2 grammes (15,43 to 
30.87 grains) of ore is dissolved in concentrated sulphurir 
acid. The sulphuric acid (not hydrochloric acid) solu- 
tion is diluted according to the richness of the ore, to j 
or :|; liter (0.88 to 0.44 pint). 50 cubic centimeters 
(3.05 cubic inches) of this are taken, placed in a suitable 
flask, and diluted with 100 cubic centimeters (6.1 cubic 



I Dingier, clxxx. 243 (Patera). Frtseniua' Zlachr. v. 339 (FreBenin^i; 
■viil a87 (Winkler). 

' Joum. f. prakt. CLem. xcix 281 (Belohoiibeck). Fresenias' Zisclir 
xt. 179; xvi.']04.— Gonyarii's Pi^obe in Cliem. Cenlr. 1864, p. 339,— Arm 
lyse der DranoxydBlkalien In Freaenius' Zlscbr, iii. 71 (Slolba). 



CHROMIUM WET ASSAYS. 243 

inches) of water. The liquid is boiled for half an hour 
i?i^ith zinc until the yellow solution of uranic oxide has 
assumed the sea-green color of uranous oxide. All 
bhe zinc is dissolved, and the uranous oxide is titrated 
with potassium permanganate (p. 127). Uranous oxide 
requires the same quantity of potassium permanganate to 
become oxidized, as ferrous oxide. 

XVI. CHROMIUM. 

68. ORES. 

Chrome iron ore^ Cr2Fe04, with 30 to 65 CrgOa ; cro- 
coimte {red lead ore)^ Pb.Cr04, with 30.96 CrOg. 

69. WET ASSAYS. 

Volumetric assays are less frequently made use of than 
gravimetric assays, and the latter vary, especially in the 
manner in which the very difficultly decomposable chrome 
iron-ore is decomposed. 

A. Gravimetric assays} 

1. Direct assay, — According to PourceVs method: 2 
grammes (30.87 grains) of the ore in coarse powder are 
highly heated in order to facilitate its comminution. It 
is then ground in an agate mortar, or on a porphyry plate, 
to an impalpable powder, which should show no glisten- 
ing particles. This powder is heated to 120° C. (248° 
F.) until it loses no more in weight, and then a sample 

' Journ. f. prakt. Chem. Ivii. 256 (Calvert). Fresenius' Ztschr. i. 497 
(O'Neill, Oudesluys, Gentli) ; iv. 63 (Souchay) ; 1861, p. 34 (Mitscherlich); 
1870, p. 71 (Storer). Polyt. Centr. 1856, p. 701 (Hart). Dingier, cxciii. 
83 (Clouet); cxevii. 503 (Britton) ; cexxi. 450 (Dittmar) ; ccxxiv. 86 
(Fels). Bullet, de la soc. de IMndustr. min6r , St Etienne, 1878, livr. iv. 
p. 867. (Pourcel). 
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of 0.5 gramme (7.71 grains) is quickly weighed off. 5 
grammes (77.16 grains) of sodium carbonate are intro- 
duced into a platinum mirible and heated in the moutli 
of the muffte in order to dry it, but not suificiently to fuse 
it. The ore is then intimately mixed in an agate mortar. 
with 0.5 gramme (7.71 grains) of saltpetre and the warm 
sodium carbonate until the mixture assumes a uniform 
color. It is then placed in a platinum crucible and 
strongly heated, first at the front of the muffle, and then 
at the back, at a white heat for three hours. The cruci- 
ble is then taken out, wiped off after it has become cold, 
and placed in a porcelain dish containing 0.5 liter (0.88 
pint) of distilled water which completely impregnates 
the contents of the crucible. This is allowed to staud 
for about twelve hours on a sand-bath, at a temperature 
somewhat less than 100° C. (212° F.). It is then filteriKl 
on a very small filter, and the crucible and dish are washed 
out with hot distilled water. The filtmte containing the 
potassium chromate and sodium-potassium aluminate is 
weakly acid\ilated with sulphuric acid, ammonia in excess 
is added, and it is then heated to nearly 100° C. (2lf 
F. ) for at least three hours. ■ The aliuuina is then filtered 
ofi", the filtrate is introduced into a capacious flask, hydro- 
chloric acid strongly in excess and 100 cubic centiiiicteis 
(6.1 cubic inches) of pure alcohol of 4fl° are added, the 
contents of the flask then agitated and its neck closed by 
inserting the neck of a smaller flask into it. The liquid 
is now heated to nearly 100° C. (212° F.) for about forty- 
eight hours, until the reduction of chromic acid to chro- 
mic oxide is complete (whereby the liquid assumes an 
emerald-green color), and the odor of alcohol has disap- 
peared. Ammonia in excess is then added, the liquid is 
allowed to stand for about twelve hours at a temperature 
of nearly 100° C. (212° F.), so that bubbles are formed 
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on the sides of the flask. The precipitiite of hydrated 
t;liromic oxide is filtered on a small filter, washed with 
boiling, slightly ammoniacal water, and dried. The 
cliromic oxide is then ignited and weighed. 

Kicording (o Feh, Calvert's, BriUon't. and Biftmar's are the best 
ada Cor decoinfjosing chrome iron ores. 
Indirect assay} — The ore is fused with potassium 
nitrate and sodium carbonate (in the same manner as 
arsenic, p. 938), and the alkaline chromates are lixiviated. 
The solution is saturated with acetic acid, and boiled, in 
Order to remove the carbonic acid. It is then diluted 
■with water (to prevent a separation of silver acetate), and 
a sufficient quantity of silver nitrate is added. The preci- 
pitate of silver chromate will Ihen contain to one atom of 
chromium one-half atom of silver (10(1 Ag = 48.69 Cr =^ 
70.92Cr2O3^93.15 CrO^). The precipitate, together with 
the filter, is boiled in strongly dUuted hydrochloric acid, 
the sil^ er chloride formed is filtered off, smelted with lead, 
and cupelled, and the chromium calculated from the result- 
ing quantity of silver. 

B. Volumetric assay. — 1 gramme (15.43 grains) of the 
ore is powdered and ground as fine as possible. It is then 
fused with soda and saltpetre and converted into alkaline 
chromate (p. 344). It is then supersaturated with sul- 
phuric acid and a weighed quantity of pure feiTons sul- 
phate or aramonio-ferrous sulphate, when, the ferrous oxide 
becoming oxidized at the cost of the chromic acid, the 
latter is transformed into chromic oxide, and the color 
of the reddish-yellow solution becomes distinctly green 
(•2CrOa -j- 6Fe.S0, + 6S0,, = CraS.Ou + SFesSgOiO ; there- 
fore, 6 equivalents of FeO correspond to 2 equivalents 
CrOa =^3:1. The residue of ferrous oxide which has not 



L 



Flatlner-Richler's Loth roll rprobirkunst, 1878, p. 051. 
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been decomposed is titrated with solution of potassium 
|¥[^nnanganate, when the final reaction will be the more 
distinct the stronger the liquid has been acidulated with 
sulphuric acid, which causes the green color of the 
chwmic oxide to become pale. 



XVIL 

70. ORIS. 

fV^^^**^*'- MnOj, with 62.S Mn and 37.2 O : hmmite, 
yh\t^\ with (fi9.*^ Mn and 30,77 O ; knm^miMmxfiiir. MnO. 
Mu^tX^^with 71.7Mn and ifcv30; mMmj^amiie^yinXi^^^jO, 
with SJ^.^ MUiO.. and 10.1 H^O: f^rricii^^ ,yinX),+ 
\ \p^ f :?MniV ^th ll.:J3 MnCX Stt.79 0.amd i»S H/) ; 

^<tA^«0H^^. V^^-^^l^i44>^^-*M33C)U ^A 30 to 60 
Mul\; iifW.M35l\e>l3a.O,^3 



7V- a>5>at> i.Y rs3iv"ti.r5?!:TJ 

^v^'iv.^^ »*/r#»/nr/- */,>{? rrrvr/Of^ friMt T';^Tnhis3fT:f ^ m^^ie the 
M!;>.:!i^ *^f ^; ,Tv vc ^^r^iT^ T-f^.-TLT.!?!! Ttxzrr^n?*?^ Hiizixikcuie 

' :^^\ v"^ ' <\ >l r ^tfc rt:'Ts uT ., n:. "VTri nmrtTnrc silt 
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If an ore contains ferrous oxide, for instance in the form of spathic 
or magnetic iron, a part of the chlorine evolved from the hydrochloric 
acid is consumed in the higher oxidation of the ferrous oxide, and is 
therefore lost for technical use. Only so much of the chlorine as is 
actually obtained from pyrolusite, is of value to the buyer, and the 
assays which give this (for instance, Buti8en*8 and Gai/-Lu8sac*s) 
are to be preferred to those which give the total amount of chlorine 
without taking into consideration that, when ferrous oxide is present, 
the chlorine is not all available for practical purposes. 

2. By the quantity of oxygen the pyrolusite yields when 
ignited or treated with sulphuric acid (Mn02+S03= 
MnS04+0 = 18.3 per cent.). 

3. By the foreign admixtures according to their quality 
and quantity. Substances soluble in acids (for instance, 
calcium and iron carbonates) are especially injurious. 
They increase unnecessarily the cost of manufacturing 
chlorine, and, by evolving considerable quantities of car- 
bonic acid, exert a disturbing influence on the prepara- 
tion of chloride of lime. For this reason, the quantity 
allowed is sometimes limited by contract to one per cent. 

The quantity of acid required for the decomposition is determined 
by finding the quantity of pure marble dissolved by a given quantity 
of hydrochloric acid ; then allowing the same quantity of acid to act 
on a known quantity of the ore ; then when chlorine ceases to be 
tivolved, introducing the marble, and when the evolution of carbonic 
acid has ceased, removing the marble and weighing. The quantity of 
acid is ascertained from the difference in the loss of marble in the two 
cases. 100 parts of marble saturate 70.5 parts of dry and 205 parts 
of aqueous hydrochloric acid of 1.17 specific gravity; and when the 
acid is of 1.09 specific gravity, corresponding to 18.2 per cent, of dry 
acid, 7.3 milligrammes (0.10 grain) of dry acid correspond to 1 
gramme (15.43 grains) of dissolved marble. 

4. By the decomposoMlity and the physical condition of 
the ore, as they require different quantities of acid, for 
instance, Spanish ore more than Nassau ore. 

Hydrochloric acid dissolves the ferrous oxide contained in man- 
ganese ores inore readily than sulphuric acid, and differences may, 



248 



ASSAYING. 



therefore, aris« in llie yield of available chlorine froni an ore, aceord- 
ing as one or the other acid bas been used, since tbe more ferrona 
oxide dissolved, the more chiorine is kept back (p. 347). 

5. By the consHiufion of the ore, which requh-es also 
different quantities of acid, 

1 atom pyrolnsite requires 4 atoms hydrochloric aeid to yield 2 alnm? 
of chlorine (MnO,+ 4ClH = MiiCl,+ Cl,+ 2II,0) ; while braoniie 
requires atoms of the acid CMn,O,+ 6CIH = 2MtiCl,+ Cl,+3H,0)- 

6. By the amount of hygroscopic water, which is soniL'- 
timeH considerahle, and must he removed by drying, for 
instance, upon Fresenius' disk (Fig. 2, p. "26), at 100° 
or 110 to 115° C. (212° or 230 to 239° F.). 

It is customary to represent tlie commercial value of 
manganese ores, whether the available clilorine or oxygen 
is to be ascertained, in terras of manganese peroxide equiv- 
alent to the chlorine or oxygen yielded (even if the or? 
docs not contain it, as, for instance, braunite) ; namely. 
2 atojns of chlorine (17), or 1 atom oxygen (IG) =1 atom 
peroxide. Frequently 60 per cent, of peroxide is taken 
as the standard in commerce, and from a fixed price for 
this, the value of the ore is determined according to the 
higher or lowei percentage of peroxide it contains. 

The following Table gives the theoretical yield of 
oxygen, chlorine, and peroxide of the different ores : — 



HHUsmnnnite 

Manganite 

Varvicite 

A. OravimetTiv 



30.6 
62.2 



I 



V tissays. — ^These require but simple uten- 
sils, and can be easily executed by not very experienced 
operators, but the results, if certain substances are [ 
ent, are inaccurate, or require control assays. 



es are piC^H 
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1. Method of Freseniiis-WilV — 2 to 5 grammes (30.87 
to 77.16 grains) of very finely powdered ore are weighed 
out and placed in the flask A (Fig. -59), made of thin 
glass, and capable of holding about 120 cubic centimeters 
(7.32 cubic inches). To this are added two and a half 
times the quantity of powdered neutral potassium oxalate 
(5 to 12.5 grammes; 77.16 to 192.90 grains), and the 
flask is then filled to about one-third with water. The 
flask A is hermetically connected by the tube c (corks 



Fig. 59. 




saturated with wax or paraffine, or caoutchouc stoppers 
should be used) with the flask B, half filled with Eng- 
lish sulphuric acid. The tube a is closed with a plug 
of wax, or a caoutchouc tube with a glass rod, and the 
■whole apparatus is weighed. The air is then aspirated 
at 6, in order to create a partial vacuum in the flask B, 
by which the air above the liquid in flask A will likewise 
be somewhat rarefied, in consequence of which the acid 



< Alia, der Cliemie u. Pbsrm. xlix. 137. FrescnluB' Ztsclir. i. 48 (Bohr) ; 
i. 110 (Kolb) ; i. 81, 110 'KolbeJ. Dingier, clxxxvi. 310 (Lunge). 
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from B will pass through c into A, after the suction ceases, 
(.larbonic acid is developed by the action of the sulphuric 
acid upon the ore and oxalate (MnOu+fjaOj-j-SOs^ 
MnS04-i-2COo), which passes through c into B, is dried 
in passing through the sulphuric acid, and escapes through 
h. The drawing o^^er of acid by suction is repeated until 
no more carbonic acid is developed, and no black re- 
siduum is observed in A, gentle heating heing employed 
towards the last. The plug or stopper is now removed 
from a, suction is applied at b, in order to remove the 
carbonic acid contained in the apparatus. When this is 
entirely cold, the apparatus is weighed, aud the percent- 
age of peroxide calculated from the loss of carbonic acid; 
2 atoms CO3 (88) being equal to 1 atom MnO^ (87.14, or, 
in round numbers, 87). 

If carbonates itre prtiscnt the result will be afiecteil, and i\ie. follow- 
ing process becomes necessary to neutnilize their influence, A litile 
sulphuHc acid is drawn over from tlip flask B into A, the latler con- 
taining only ore and water. The carbonic acid evolved ia removed 
by aspiralion, and ihe apparatus isi weighed, the required quantity of 
potassium oxalate bdng weighed along witli the apparatus upon the 
same scale pne. The oxalate is then quickly poured into the flask A, 

and the further operation conducted us above According to Mo/ir, a 

percentage of ferrous oxide' in the ore (for instance, magnetic or spathic 
iron) does not affect the resull of the assay, but gives loo bigli a per- 
centage of clilorine for commercial purposes, since a part of the cliionne 
is consumed in the higher oxidation of the iron. — Lighter apparatus 
than that of Will and presenilis is described by Mohr, Kolbe, and 
Host (Fig. 60) ; A, flask for the reception of the ore, potassium oxa- 
late, and water; C, glass tube for sulphuric acid, diluted with an equal 
volume of water; Ji, drying-tube with calcium chloride, supported 
at h. The apparatus is weighed, and then tilted in order to transfer 
acid from G through the tube e to J (or by aspirating on the calcium 



> Fresenius' Zlsclir. 1899, ] 
:cTii. 423 (Pattinsoii). B. 



, 3U (Mohr) ; 1871, p. 310 (Luck) ; Dingier, 

I. h. Zlg. 1871, p. 313 (Sherer). 
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chloride tube at /). The carbonic acid developed is allowed to escape 
through the drying-tube B, and finally the carbonic acid is expelled 
from the apparatus by suction at V, 

2. MetJiod of Fikentacher-Nolte} — 1 to 5 grammes (15. 43 
to 77.16 grains) of ore, 8 times the quantity of ferrous 
sulphate free from ferric oxide, an accurately weighed 
strip of bright sheet-copper 4 to 5 times the weight of 
the ore, 30 to 35 cubic centimeters (1.83 to 2.13 cubic 
inches) of hydrochloric acid of 1.12 specific gravity, and 
distilled water are placed in a suitable flask provided with 
a rubber valve (Fig. 10, p. 39). The contents is kept 
at a boiling heat (at least two hours) until the solution, 
at first brown, becomes nearly colorless, when the ferric 
chloride, which was first formed, is reduced to ferrous 
chloride by the copper, the weight of which correspond- 
ingly decreases (Mn02+2FeCl2+2HCl=MnCl2+Fe2Cl6 
+ 2H2O; then, Fe2Cl6+2Cu = 2FeCl2+Cu2Cl2). The 
flask is then quickly filled with boiled water free from air. 
The liquid is then poured off, the strip of copper quickly 
thrown into water, rinsed, and dried with absorbent paper, 
but without rubbing it; then completely dried at 100° C. 
(212° F.), allowed to become cold in the desiccator, and 
then weighed. The percentage of manganese peroxide is 
calculated from the loss of copper, as, according to the 
above equation, 2 atoms of dissolved copper (126.8) cor- 
respond to 1 atom of peroxide (87.14). 

The oxidizing action of the air upon copper must he avoided, as 
otherwise more would be dissolved than the required quantity. For 
this reason a flask provided with a rubber-valve should be used, and 
ferrous sulphate free from ferric oxide. The copper should further be 
kept constantly covered by the hydrochloric acid, thoroughly boiled 
water be used, and the copper quickly rinsed off. In case the ore 

» Journ. f. prakt. Chem. xviii. 160, 173 (Fikentscher). B. u. h. Ztg. 
1859, p. 149 ; 1864, p. 374 (Nolte). 
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contains ferric oxide, a control nssii}' must be made, as it forma ferric 
cliloride wilh liydrooliloriu acid, and tliis contribultia to the Boliilion of 
the copper. This must be calculated for bj treating a quantity of ore 
equal lo tlint of the principal asau;, wilh liydi'ochloric acid, but firsi 
without copper. This is now heated until all the chlorine has been 
expelled, the weighed eopper is now added, and th<; liquid boiled until 
it becomea colorleaa. The loss in weiijbt of copper by ferric chloride 
alone is now determined, and this ia deducted fi'om the losa whii^h 
takes place in the principal ussay. 

B. Volumetric assays. — Those methods vvliich give only 
the actually available chlorine, as Bunsen's and Gay- 
Liissac's, deserve the preference, as other methods indicate 
too large a percentage of chlorine, which, in operations on 
the large scale where the ore contains ferrous oxide, 
not be depended on. 

I'errei/' found tliat an ore wliich gave 100 MnO, according to Fre-'" 
aenius' method yielded 9D.1 according lo Mu/tr's, lOO.G according lo 
H&mpel'i, 97.8 according to Gay-Lnssac's, itiid 98.4 per cent. MnO^ 
according to Bunten'a. Tlie differences are partly explained by the 
fact tliat, in making the assays, the action of the ferrous oxide present 
is Utken into conaideration in some, while in others it is not; and that, 
when sulptiuriu acid is used (^Fretenim, Ifeiitpel), or liydrocblonc atoi^m 
{Bunseii, Gap-Lussac), more or less ferrous oxide is dissolved, aS'jfelri 
is not equally soluble in these acids. ^B^ 

1. Bunsen's method witJi iodine? — This is based upon 
the principle that, when chlorine evolved from manga- 
nese ore by hydrochloric acid (MnOa+4ClH = MnCl2-f 
2CI+2H2O) is introduced into a solution of potassium 
iodide, it separates from this a corresponding quantity ol' 
iodine, indicated by the appearance of a brown color. 
After the addition of starch, which colors the solution 
blue, the quantity of separated iodine is determined by a 

' Dingier, ccxxvi. 19*, 

' Mohr, Titrirmethode, 1874, p. 035. Muapratt'a Chemie, iy. 1118. Fre- 
aenius' Ztsciir. 1S63, p. 314; 1870, p. 410. Jouro. f. prakt. CUem., Nene 
Folge, xviii. 101 fMarawaki nnd Slingl). 
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titrated solution of sodium hyposulphite, which is added 
until the color has disappeared (2Na2S203+ 21= Na2S406 
+ 2NaI); whence 2 atoms of chlorine correspond to 2 
atoms of iodine, and these to 1 atom of manganese per- 
oxide. This assay is very accurate, and the results ob- 
tained are not affected by any admixtures, but it requires 
somewhat skilful manipulation. 

The retort d (Fig. 61), the neck of which is provided 
with two bulbs in order to lessen the danger of loss by 
overflow, is filled one-third full with a freshly prepared 
solution of one part potassium iodide in ten parts of water. 

Fig. 61. 




The potassium iodide must not become colored on the 
addition of acid, as this would indicate the presence of 
potassium iodate, from which more iodine would be sepa- 
rated by chlorine. The retort is then inverted (see Fig. 
61), and a glass tube provided with a bulb c is introduced 
into the neck of the retort. The other somewhat wider 
end of the glass tube is furnished with a caoutchouc 
tube ft, previously boiled in a solution of potassium hydrate. 
0.1 to 0.5 gramme (1.54 to 7.71 grains) of very finely 
powdered ore is poured into the flask a. This is then 
about two-thirds filled with fuming hydrochloric acid, 
the neck of the flask is quickly pushed into the moistened 
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caoutrhoiic tube h, so that glass touches glass. The flask 
is now slowly heated over a spirit-lamp, so as to avoid the 
passage of liquid from d back into a. The heating is 
coutinued until the greenish color of the chlorine in the 
bulb of the connecting tube disappears, the ore is entirely 
decomposed, and a peculiar crackling noise is heard in the 
flask. The heat is somewhat increased for about half a 
minute after the crackling noise has been perceived, to 
prevent the liquid, containing about 5 grammes (77.16 
grains) of solid potassium iodide and colored brown bv 
the separated iodine, from passing over into the flask. 
The gas-conducting tube c is then withdrawn from tlie 
retort with the left hand, the heating of the flask a being 
continued all the while by holding the spirit-lamp below 
it with the right hand (if these manipulations are not 
conducted with proper skill, there is danger that the 
liquid in the retort will pass over). The tube is then 
washed ofi' in a beaker-glass. The retort, containing the 
brown iodine solution, is corked, and carefully shaken, so 
that the solution may take up all the free iodine, during 
which operation the liquid must not come in contact with 
the cork. After the fluid has become entirely cold, it is 
poured out in the beaker-glass. Should the liquid con- 
tain any undissolved iodine, a few crystals of potassium 
iodide must be added before the contents of the retort is 
emptied into the beaker-glass. It is then diluted to the 
bulk of one-half liter ((1.88 pint). 100 cubic centimeters 
(6.1 cubic inches) of this are taken, introduced into a sepa- 
rate vessel, and titrated sodium hyposulphite is added to 
it as long as a red color is still distinctly perceptible. 
About 'i grammes (30.87 grains) of starch liquor are added, 
and then more sodium hyposulphite, drop by drop, until 
the blue color which has been formed just corameD'c^ 
to disappear. If necessary, the assay may be controUci' 
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ty titrating back with a normal solution of iodine, until 
the blue color appears again. The standard solution 
of sodium hyposulphite is prepared by dissolving 24.8 
grammes (382.72 grains) of sodium hyposulphite in 
water, and diluting the solution to 1 liter (1.76 pints). 
0.1 to 0.2 gramme (1.54 to 3.08 grains) of pure iodine 
is then dissolved in 18 grammes (277.78 grains) of po- 
tassium iodide, free from iodic acid, and this solution 
is also diluted to 1 liter 
(1.76 pints), when 1 cubic P'k- 83. 

centimeter (0.061 cubic 
inch) of normal solution 
of sodium hyposulphite 
will correspond to 0.0127 
gramme (0,19 grain) of 
iodine contained in 1 cubic 
centimeter (0.061 cubic 
inch) of solution, so that 
equal volumes correspond. 

Fig. 62 repreBents a modified 
form of this apparatus, in which 
the bulbed -tube atlaclied to the 
diesolving flask passes into a 
long and narrow tube, which ia 
cooled by immersion in cold 
waler, and contains a higher 
column of potassium iodide solu- 
tion. 

2. LevoVa method vniJi iron} — 0.5 to 0.6 gramme (7.71 
to 9.26 grains) of manganese ore, and 0.8 to 1 gramme 
(12.35 to 15.43 grains) of piano wire (containing on an 
average 99.6 per cent, of pure iron), are treated with ex- 




' Dingier, Isxxy. 399 (Level) jcicvii. 433 (Patlineon). Freaenius' ZtBcLr. 
369, p. 509 (Teschemacher u. Smith). 
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elusion of air with hydrochloric acid, in a flask provid^^ <z! 
with a rubber valve (Fig. 10, p. 39); when, from tl--:«- « 
resulting ferrous chloride, a quantity of ferric chlorit^M, * 
corresponding to the chlorine developed \vill be form^^-^J 
(Mn02+ 4HCl=MnCl2+ SCI + 'iH^O and 2C1 + 2FeCIa^— ^ 
FesCl,)- The liquid is diluted to 0.5 liter (0.88 pin t:^ ID- 
100 cubic centimeters (fi.l cubic inches) of this are take- t»r:a, 
and, after having become entirely cold, the non-oxidiz^^^ <i 
quantity of ferrous oxide is determined by titration wi"*::^^i 
potassium permanganate (p. 127). The quantity of irc::^^ 
oxidized by the chlorine is determined from the difF^^ =*■ 
ence; and 2 atoms of iron (112) correspond to 1 atom ^C3l 
manganese peroxide (87.14). 

Ammonio-ferrout mlpliaie, FeS0,-[-(NH,),S()^+(;H,O, may 
used ineieud of metallic iron, in ibe proportion of uboui 7 grumir' 
(108.02 gvHins) to 1 gramnH; (15.43 grains) of manganese ore with ' 
per cent, of peruxidu, and Ft Ut 9 >;riimines (123. 4f) tu 13l^.^!l gr!iiiis> 
tlio percentage is higher; when 2 atoms of the salt (784) corresp»* 
to 1 atom of mungitnesi: peroxide (U7.14). The assay soluLiou to 
tilrflted should be oold, and slrongly diluted, to prevent the hyil*" 
chloric iUiid from being iletomposed by the potassium permangana*' 
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«' may be used instead of potassium perman^ 
ron test), which is much usud in England « 
msumed for the higher osidation of the ferrc* 
ed in the ore. 
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72. ORES. 



1 



Native siilphur (euljihiir earths) ; iron pyrites, FeS^- 
with 53.33 S and ■46.4:7 Fc ; magnetic iron pyrite-f- 

5FeS.FeaSa, witli 39.5 S ; copper pyrites, CuTeSj, witli 
34.89 S. 

1 Mohr, Tilrirmcthode. I8?4. p. 033. Polyt. Centrbl, 1871, p. lU" ■" 
Oxalsaureprobe in Fresenlus' Zlschr. 1870, p. 410. 
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73. ASSAYS BY DISTILLATION FOR THE DETERMINATION OF 
THE AMOUNT OF SULPHUR WHICH AN ORE MAY YIELD. 

a. Sulphur earths. — 0.5 to 1 gramme (7.71 to 15.43 
•ains) of the ore is heated to a strong red heat in an 
ipervious clay retort, on the neck of which is luted a 
Drcelain tube (Figs. 35, 36, p. 63), when the sulphur 
ipors will deposit themselves in the porcelain tube, the 
id of which just dips in water. The tube is then re* 
oved and the sulphur collected, dried, and weighed. 

Gerlach^ conducts superheated steam into a glass retort containing 
3 ore, from the neck of which the sulphur, which passes over, drops 
^ a dish containing water. 

h. Iron pyrites, — 2 to 5 grammes (3i).87 to 77.16 
sins), preferably mixed with the same volume of quartz 

powdered charcoal to prevent caking, are placed in a 
Eiss tube 30 to 40 centimeters (11.8 to 15.74 inches) 
rig and 13 to 15 millimeters (0.51 to 0.59 inch) wide, 
^sed at one end. The other end is introduced into 
Lother glass tube, also closed at one end, and the sub- 
^nce is then heated in a combustion furnace (Fig. 58, 

230), or by another source of heat (p. 62). The end 

the tube containing the sublimed sulphur is cut off and 
-ighed. The sulphur is then volatilized by heat and 
^ tube again weighed. Pure iron pyrites gives on a 
>^ge scale at the utmost 23 per cent, of sulphur (7FeS2 
= 6FeS. FeSg + 6 S) ; copper pyrites not more than 9 
ii: cent. (CugS + Ye^-, = CnS + 2FeS + S). 

1 Dingier, ccxxx. 66. 
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74. ASSAYS OF SDI-PHUR FOR THE DETERMINATION OF 1 
QUANTITY OP SULPHUR CONTAINED IN A SUBSTANCE. 

These assays may be executed in order to determine 
the yield of an ore in sulphurous acid, for the manufac- 
ture of sulphuric acid, or its yield of sulphur for the for- 
mation of raw matt, for controlling roasting, etc. For 
this the Wet method is more frequently used than the 
dry method, 

A. Dry assay (raw matt assay). — The object of this 
assay is to determine the quantity of metallic sulpliidps, 
especially iron sulphide, contained in an ore, after the 
oxidized and earthy, etc. substances mixed with it have 
been eeparated by sohent agents. 

A mixture of 5 grammes (77.16 grains) of ore and fl.i> 
gramme (7.71 grains) of resin is introduced into a cruci- 
ble (Fig. 42, p. 67), Upon this is placed 10 to 15 
grammes (154.82 to 231.48 grains) of borax, 5 to 10 
grammes (77.16 to 154.32 grains) of glass free from 
heavy metals, a cover of common salt, and a fragment 
of coal. The charge is fused at a bright red heat ia 
the muffle or wind furnace for 30 to 45 mmiitei- 
aftcr the "flaming" has ceased. The resulting button ol" 
iron sulphide which is brittle and oxidizes and disinte- 
grates quickly, is carefully freed from slag which should 
be well fused. It is then weighed and broken up in 
order to recognize the presence of foreign metaUic sul- 
phides by the appearance of the fractui-e. When only 
iron pyrites are present, this has a fine grain and speiffl 
yellow color; with copper pyrites, brass yellow; witli 
lead and sulphide, grayish and foliated: with zinc blendi', 
radiated or foliated, of a sub-metallic lustre, and blackisli- 
gray; with metallic antimony and arsenic, a fine grain 
and light gray, ' 
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Hungary:^ If the ores are easily fusible, 5 grammes (77.16 grains) 
are charged with a flux composed of 2 parts of calcined borax and 1 
part of glass free from iron, by placing a mixture of ore and 11.5 
grammes (177.47 grains) of flux in tiie bottom of the crucible, upon 
this 23 grammes (354.94 grains) of flux, and on the top 8 to 10 
grammes (123.46 to 154.32 grains) of common salt. This is fused 
in the muflle furnace. When the ores are refractory, 1.25 grammes 
(19.29 grains) are fused with the same flux, and 3.2 grammes (49.4 
grains) of a pure easily fusible concentrated pyrite ore, the percentage 
of matt contained in this being afterwards deducted ; or, with 0.25 to 
3.5 grammes (3.85 to 54.01 grains) of copper as a collecting agent. — 
Pribram: 5 grammes (77.16 grains) are mixed with | the quantity 
of a flux consisting of 10 grammes (154.32 grains) of borax, 2 
grammes (30.87 grains) of glass, and 0.4 gramme (6.17 grains) of coal 
dust. The remaining ^ part of the flux is strewn over this, and on 
top a cover of common salt and fragment of coal. 0.05 gramme (0.77 
grain) of copper may be added to the roasted, and as much as 0.2 
gramme (3 grains) to unroasted ores. The crucible, with luted cover, 
is gradually heated to a moderate red heat in an anthracite furnace (p. 
56), and then fused for from 30 to 35 minutes at a bright red heat. — 
Slags with mechanical inclosures of matt are charged in the following 
manner : 30 grammes (462.97 grains) of slag, 20 grammes (308.64 
grains) of borax, and 50 grammes (771.61 grains) of glass with a cov- 
ering of common salt and a fragment of coal. The charge is fused 
for i to f of an hour at a bright red heat. 

B. Wet assays? 

1. Gravimetric &ss<jiy. — 1 gramme (15.43 grains) of 
ore is decomposed by fuming nitric acid, then nearly all 
the nitric acid removed by boiling. Hydrochloric acid 
is now added and heat is applioil, when the sulphur 
will be quickly dissolved (the heating should not b(^ 
continued too long, or loss will ensiu^ by tlu* oscuipo 
of sulphuric acid). The solution is th(*n ova]M)nited 
to dryness, the residue is heated with hydrocihloric* \\v\k\ 
in order to expel the nitric acid (as otht^rwiso tht* 
results would be too high). Thi! licpiid In now tliluttnl 

* B. u. h. Ztg. 1871, p. 25ft. 

' Muspratt's techn. Chom. vl. 8. 
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and filtered, the filtrate precipitated with barium chloride, 
and the barium sulphate filtered through impervious 
Swedish paper, dried, ignited, and weighed (BaS04, with 
34.356 per cent. SO, and 13.73 per cent. S). The .sul- 
phur in pyrites, roasted pyritous ores, and the same lixi- 
viated' is determined by heating 0..5 gramme (7.71 grains) 
of the substance in a platinum crucible, together with 10 
parts of a mixture of 2 parts of sodium carbonate and 1 
part of saltpetre. This is Uxiviated, etc., and finally pre- 
cipitated by barium chloride, etc., as above, — Process for 
determining small quantities of sulphur in materials and 
products of Oie irmi-icorhs at Creuzot} The substance is 
heated in a porcelain tube, and a mixture of ^ of hydro- 
gen and \ carbonic acid is conducted over it. The sul- 
phuretted hydrogen, which is formed, is led into an acid 
silver solution, and the quantity of sulphur calculated 
from the weight of the silver sulphide. 

2. Volumetric assays!^ 

a. 1 gramme (15.43 grains) of ore is intimately rubbed 
together with 3 grammes (30.87 grains) of pure saltpetre, 
or with 3 grammes (46.30 grains) of sodium carbonate 
and the same quantity of saltpetre. The mixture W 
placed in a small dish of sheet iron, ^5 millimeters (2,16 
inches) wide and 25 millimeters (0.98 inch) deep, wllict 
is placed in a scorifier (Fig. 37, p. 65). It is then grao- 
ually heated in a red-hot mutfle. After fusing qmetly 
from five to eight minutes, the small dish is taken out 
and allowed to cool off. The mass contained in it is then 
lixiviated with hot water and filtered into a small beake^ 
glass. The residue is washed oiit with as little water sa 



' Frpsenlns' Ztachr. ]877, p. 333 
■ Dingier, ccxxxiii. 124 (RoUei). 
' Muspnill's leclin. Chem. ¥i. 9. Freeeniue' ZlcUr. 



b. Ztg. 1877, p. 241. 

3S8 (WildeB- 
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possible, and hydrochloric acid in excess then gradually 
added. It is now heated in a sand-hath, in order to ex- 
pel the nitrons compounds. Titrated solution of barium 
chloride is then added drop by drop to the hot solution 
(which has been concenti-ated as much as possible), from a 
burette, divided into ^ cubic centimeter (0.015 cubic 
inch), until no further white turbidity is formed in the 
supernatant liquid. 1 cubic centimeter (0.061 cubic acid) 
of a normal solution, with 0.152 gramme (2.34 grains) 
of barium chloride, precipitates 0.050 gi-amme (0,77 grain) 
of sidphuric acid, corresponding to 0.020 gramme (0.3 
grain) of sulphur ; or 5 per c§nt. of sulphuric acid and 
2 per cent, of sulphur. Some experience is required to 
detect the final reaction. Indicators for this have been 
proposed, as, for instance, potassium chromate, by Wildetir- 
stein, or filtering off a few drops and adding barium 
chloride. 

According to WildensCein, tlie solution containing sulphuric acid is 
diluted to a bulk of 45 to 55 cubic centimeters {2.74 to 3.35 cubic 
inclies), to which is added a slight excesH of titratttd solution of bariam 
chlo.-ide. It is then boiled for a half to one minute, a slight excess of 
ammonia free from carbonic acid having first been added. Titrated 
solution of neutral potassium chromate is now added in small quan- 
tities, which should not exceed ^ cubic centimeter (0.03 cubic inch) 
at a time, in order to precipitate the exceas of barium monoxide, until 
the liquid, after having been shaken and allowed to become clear, 
shows a distinct yellow color. It is tlien titrated back with a few 
drops of barium chloride nntil the fluid becomes colorless. During 
this operation the precipitate must be allowed to settle every time, 
or a few drops should be filtered off, and tested. Normal soiuiions : 
1 cubic centimeter (0.061 cubic inch) of barium chloride — 0.015 
gramme (0.23 grain) of sulpliuric acid, ^nd 1 cubic centimeter (0.061 
cubic inch) of solution of potassium chromate=^ 0.01 gramme (0.15 
grain) of sulphuric acid. This assay gives accurate results to within 
I per cent, of sulphur. 

^Li. Metallic sulphides decomposable by hydrochloric 
^Bd are treated with it in a flask connected with a retort 

L ■ 



262 



ASSAYING. 



(Fig. 61', p. 253). The sulphuretted hydrogen developed 
is introduced into a titrated solution of iodine in potas- 
sium iodide (SHg + 12= 2IH + S), and the unchanged iodine 
titrated with sodium hyposulphite^ (p. 254). 

XIX. FUELS. 

75. FUELS.* 

These may be in either of the following forms : solid 
(raw or natural, carbonized, or artificial, agglomerated or 
patent fuel briquetts) ; or liquid (petroleum, tar-oils) ; and 
gaseous (natural gas, wasle and generator gases, illumi- 
nating gas). 



The different varieties of raw fuel are, 


approximately, composed as 


follows : — 














c 


H 





Woody fibre (cellulose — CgH, 


,.0.) • 


. 44.44 


6.17 


49.39 


Peat .... 




. 60.44 


5.96 


33.60 


Lignite .... 




. 66.96 


5.27 


27.76 


Karthy brown coal . 




. 74.20 


5.89 


19.90 


Bituminous coal, recent . 




. 76.18 


5.64 


18.07 


*' " ancient . 




. 90.50 


5.05 


4.40 


Anthracite coal, recent . 




. 92.85 


.3.46 


3.19 


" " ancient . 




. 94.20 


2.50 


3.30 



In order to remove earthy admixtures from fossil fuel 
before subjecting it to docimastic test, it is comminuted and 
stirred into sulphuric acid of 1.4 specific gravity (in soda 
manufactories, in a solution of sodium sulphate^). The 
heavier earths will fall to the bottom, while the coal rising 
to the surface is removed with a spoon, thoroughly washed, 
and dried. 



' Dingier, ccx. p 184. 

2 Kerl, Grundr. der allgemeinen Huttenkunde, 2 Aufl., 1879, p. 64. 
Muck in B. u. h. Ztg. 1876, p. 286 (Steinkohlen). 

3 Dingier, cxc. 76. 
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76. ASSAYS OF FUEL. 

The examination extends to the following points, on 
which the value of fuel chiefly depends : — 

1. Determination of the amount of hygroscopic water, 
— 5 grammes (77.16 grains) of the powdered sample are 
placed in a watch-glass and heated on a water-bath (raw 
fuel), dt (wood-charcoal, coke) at a higher temperature 
(120° to 150° C, 248° to 302° F.) in an air-bath, or on 
a drying disk (Fig. 2, p. 26). It is allowed to become 
cold in the desiccator (Fig. 17a, p. 43), and then weighed; 
is again dried and weighed until two weighings agree. 

Air-dried wood and peat contain 15 to 20 per cent, of* water; lig- 
nite, 10 to 15 per cent. ; brown coal with a conchoidal fracture, 10 to 
5 per cent. ; earthy coal, as much as 25 per cent. ; bituminous and an- 
thracite coal, fresh from the pit, 1 to 10 per cent. ; wood-charcoal, 10 
to 12 per cent. ; coke, 5 to 10 per cent. 

2. Yield of carbon, — 5 to 10 grammes (77.16 to 154.32 
grains) of the material, either in small fragments, or in the 
form of powder, are placed in a covered crucible (Fig. 42» 
p. 67), and gradually heated to a red heat in the muffle 
furnace, until the flame which shows itself at the lid of 
the crucible disappears. The residue, upon cooling, is 
weighed, and (in tests of coal) the physical condition of 
the coke is observed at the same time. This may be 
more accurately ascertained by heating 1 gramme (15.43 
grains) of coal in a platinum crucible 40 millimeters 
(1.57 inches) high with a bottom diameter of 24 milli- 
meters (0.94 inch), keeping the crucible at a distance of 3 
centimeters (1.18 inches) over the flame of a gas-burner.* 

The yield of carbon will vary according %8 the heat is raised more 
or less quickly, and with the degree of temperature, decreasing as the 

I B. u. h. Ztg. 1876, p. 287. 
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latter is more intense. Therefore, if several varieties of fuel nre lo he 
compared, the curbonization mnsl be coniiucted al the same tfrapera- 
tures. The yield is generally less than that indicated by assay fjn tlie 
large scale. The average yield from woml charcoal in heaps is 21 
to 22 per cent, by weight ; fi'om pine wood, 55 per cunt., and from 
hard wood, 46 per cent, by volume ; and respectively 25 to 27 and 'V> 
tu 65 |»cr cent, in furnaces; from more recent bituminous coul a? 
high as CO per cent. ; from semi-bitiiniinous i-ual, 78 to 83 pei 
cent, i from anthracite coal, fe-1 lo ft7 per cent., and from real anltirs- 
cite, b8 to !)3 per cent, by weight. 

Determinatian of (lie coldng quaVtty of coal according 
to Michters,^ 1 gramme (15.43 grains) of coal in a finely 
powdered condition is mixed either with 0.1, 0."2, 0.3, etc., 
that is to say, as many tiroes 0.1 gramme (1.54 grains) of 
powdered quartz as may be necessary to just crush the 
cake of coke remaining in the covered porcelain crucible 
after ignition, when weighed with a 0.5 kilogramme 
(1.1 lb.) weight carefully placed upon it. If 0.5 gi-ammi' 
(7.71 grains) of powdered quartz has been used, tht 
coking quality of the coal woiJd be represented by 5. 
etc. 

3. Volatile products are determined from the difference 
in weight between the coke and raw fuel, after deducting 
the percentageof water. The amount of gas a coal will yield 
is ascertained by heating -5 grammes (77.16 grains) of the 
sample in a glass retort or tube. The gas evolved (after 
passing through two wash-botttes filled respectively with 
baryta water and lead acetate to absorb carbonic acid and 
sulphuretted hydrogen) is collected over mercury in " 
graduated cylinder (Fig. 58, p. 230). 

4. Determinatiwi of the ash. — The residue from the 
assay for carbon (containing carbon and ash) is pulverized 
as fine as possible, placed in a roasting-dish (Fig. 7, p. 34) 



' Diugler 
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and heated in the muffle, which should not be exposed to 
too strong a draught of air, until the black particles have 
entirely disappeared. The ash is then weighed, and its 
physical properties (color, whether caked or pulverulent, 
etc.) are at the same time examined. 

Gjpsuin and iron pyrites undergo alteration during this o|>eration, 
thus impairing the result of the assay. This must he espeeially taken 
into consideration when a contract for the purchase of eoal is hused 
upon the minimum amount of ash.^ 

Amount of ash in different kinds of fuel: Wood, 0.1 5 to 2 jH*r cent,, 
an average 1 per cent, (composed of about 70 per cent, of enleiuni 
carbonate and 20 per cent, of alkaline carbonates) ; \yoo<1 oharemU« 8 
to 4 per cent.; peat, 0.5 to oO, on an average from to 12 per cent, 
(composed of, approximately, 35 per cent, of argillaceous siind, ait 
much as 40 per cent, of magnesian gypsum, about 80 p^r eont. of ferrie 
oxide, and 3 per cent, of alkalies, as well us some phosphoric aeid and 
chlorine); brown coal, as high as 50 per cent., on an avei'age frt^w »^ 
to 15 per cent, (chiefly silicic acid, alumina, ferric oxide, lime* is^wU 
phuric acid, lesser quantities of magnesia, alkalies, chlorine, rich ii) 
sulphur in the form of gypsum and iron pyrites, poor in phot^pho^'^li^) ; 
hard coals, 0.5 to 30 per cent. ; the best coal, at an average rtxxw 4 \i^ 
7; medium quality 8 to 14; and poorer qualities over 14 ^r i>ewU — 
ash, mostly bisilicate oi alumina with lime (I to 20 per ceut^X tV^^W 
oxide (1 to 75 per cent.), alkalies (0 to 3 per cent*), ^^iulphur (iV5k to 3^ 
per cent.). Coke, 1 to 30 per cent, (good coke about 10 |)>ev w^>^.^, 
phosphorus 0.0025 to 0.05 per cent. — 7'he fiwioMwl a/ ««^Awa* * ch^- 
tained in a coal or its ash is determined by fuiiing I gmauue () 0^.48 
grains) in a platinum crucible with 8 grammes (128*4f» gvaias) i4' 
saltpetre, 4 grammes (61.73 grains) of potassium carbonate, and U» 
grammes (246.92 grains) of common salt. The fused mass is lixiviated 
with water, hydrochloric acid is added, and tlie mass then tilteved. 
The filtrate is precipitated with barium chloride, and tlie resulting 
barium sulphate containing 13.8 per cent, of sulphur is weighed (see 
also assays of sulphur). 

' B. u. h. Ztg. 1878, p. 61 (Muck). 

« Schwefelbestimmung in Steinkohlen, etc. Oestr. Ztschr. f. Berg- u. 
Huttenwesen, 1874, p. 11 (Escbka). Fresenius' Ztschr. xil. 82, 178; xW. 
16 (Sauer). B. u. h. Ztg. 1875, p. 228 (Hayes). 
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5. DetermiiiatUm of heating power. — In estimating the 
availability of a fuel for a gi^'en purpose, it is of the greatest 
importance to determine how much heat, equal parts by 
weight (ahsobUe heating effect), or equal parts by vohime 
{specific heating effect), of different fuels will produce. 
The intensity of the heat produced (^pyrometric heating 
effect) may also be a point of investigation, 

The iHtler may be deieriiiin«il by calculation or by the pyromeler,' 
either Fischer'^ ealorimeler or Siemem' eleutric pyrometer;" oc bj 
meaiiK of ilie fuBing point of alloys by a modification of Priniep's prin- 
ciple ' Tiie specific heating effect is found by multiplying the absoliile 
healing effiut by the specilic gravity of l)ie fuel in question. Herlhier't 
method ot determining the Absolute healing eflect mny be espcciitlly 
tended for docimaatic purposcB. 



Berihier^s method of determining the absolute heating 
power is based upon Welter's law, according to which the 
absolute heating power of different combustible substanees 
is proportional to the amounts of oxygen required for 
their complete combustion. The oxygen fa taken fiom 
oxides (lead oxide), and the quantity of metal (lead) set 
free represents the quantity of liberated oxygen, and 
therefore the absolute heating power. 

Weller'g law is based u[>on the fact that, according to former experi- 
ments by Jlitmford, Dftprelz, and others, the absolute heating power 
of carbon to hydrogen \a in the propoi'tion of 1 : 3.U3, and the resp^r- 
tive amounts of oxygen required for the combustion of 1 part of tliese 
elemenls are in nearly the same pi-oportion (1 : 3). But, uccorditig to 
recent investigations by Ihvre, Silbfrmann, and others, the absolute 
heating [lowera of carbon and hydrogen are, respectively, i 
and, therefore, Welter's law has become obsolete, and tbe resulUfl 



' Kerl, Grundr. der allg. HQttenkunde, 1879, p. 85. 
' Dingier, ccjtiv. 468. Ber. d. deutscb. cheni. Ges. 1879. p. 1694. 
3 Dingier, cexvii. 391. B. u. h. Zt^. 1871, p. 450; 1873, p. 331, 398: 
1874, p. 403; 187G, p. IGQ; 1877, p. 109. 
' Freiberfjer Jalirb. 1879, p. 154. B. n. b. Ztg. 1879, | 
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tained bj Berthier^s method are only approximate. They approach 
more closely to the truth, the richer in carbon and poorer in hydrogen 
the fuel is, while the results from combustible substances rich in 
hydrogen are from ^ to -^^ too low compared with more accurate calori- 
metric determinations. His method is, nevertheless, frequently used 
in practice, it being very convenient and quickly executed, and under 
the above-mentioned conditions gives practically available results, 
especially in the examination of different varieties of the same kind 
of fuel. 

Exactly 1 gramme (15.43 grains) of the finely divided 
fuel is weighed out, and intimately mixed with 40 to 50 
grammes (617.29 to 771.62 grains) of litharge finely 
sifted and free from glohules of lead, organic substances, 
and minium; or, still better, with 70 to 90 grammes 
(1080.26 to 1388.91 grains) of white lead. The mixture 
is covered with 20 to 25 grammes (308.65 to 385.81 
grains) of litharge (or, 30 to 40 grammes (462.97 to 
617.29 grains) of white lead), a lid is placed upon the 
crucible, and the charge gradually heated in the muffle 
furnace (Fi^. 25, p. 51) imtil it is completely fused. 
The heat is then increased for a short time, when the 
oxidizable constituents of the fuel will be consumed at 
the expense of lead oxide and will separate the more 
lead the richer they are in such constituents. After the 
charge has been fused, which requires from | to f of an 
hour, the crucible is taken out and allowed to cool ofi^. 
The lead button is then freed from slag, brushed off, and 
weighed. The resulting weight is divided by the quan- 
tity of the sample used in order to learn how much lead 
has been reduced by it. The thermal value of graphite^ 
may also be determined by this assay. 

In the case of combustible materials decomposable at a 
lower temperature^ lead oxychloride^ which is more easily 

^ Eerl, Thonwaarenindustrie, 1879, p. 91. 
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fusible, should be used. It is obtained by fusing 3 parts 
by weight of red lithai^e together with 1 part of lead 
chloride in a Hessian crucible. 1 gramme (15.43 grains) 
of the fuel is mixed with 40 grammes (617.29 grains) of 
the oxychloride, and the mixture covered with 30 graninif^ 
(462.97 grams) of the latter. 

1 part of pure carbon reduces 34 (more ftccuraiely 34.52) time^ the 
quantity of lead; wood, 12 to 15. on an average 13.95 parts (=S-m 
heat unUs^0.41 per cent, carbon) ; pent 8 to 18, IrUlt varieties a.~ 
much as 27 parts ; brown coat 14 to 21) parts ; bituminous coal 23 u< 
31 parts, and antliracile 26 to 33 parts; wood chariMml 28 to 33.7 pan.-; 
coke 22 to 30 parts of lead. If the fuel contains iron pvril«s, ili'^ 
quantity of lead redueed increases (I part FeS, i-educes 8.72 pan-. 
and 1 piirt FeS, 7.18 parts of lend frum liiliarge). Suppose/) to 1h 



the t 



t of the lead buttoti, the heatin 
80S(1 



pow. 



s tiji pressed by x 



' 34. 



- ^ = 234 p. In 



n calorie^ 
e tbe fuel c 



iiiUiplied with a co- 
t be replaced li>' 



a large amount of hydrogen, this value r 
efficient lying between I and J. 

Suppose 100 kilogrammes (:220 pounds) of coal n 
wood in some Bmelting process in a reverberatory furnace. How n 
of the latter must be talcen ? Tbe absolute heating power of boili 
must be determined according to Serthitr't method, according i" 
which they are capable of reducing, respectively, 24 and 1-t piiri-- 
of lead. Then 14 i 24 = 100 : x and r = 170 kilogrammes (374 
pounds) of wood supply the place of 100 kilogrammes (220 pounds) "' 
ooal. If the quantities of fuel are to he determined by tbe volani''. 'i 
is only necessary to multiply the above numbers, 24 and 14, by ili' 
specific gravity of the fuel in question, and to formulate the resuiling 
products into a similar proportion. 

6. Pki/sical and chemical liehnxnor. — The following 
points must be considered as exerting an influence upun 
the action of combustible substances in the fire, duricp 
transportation, etc. : structure, density (compactness), 
form and size of the lumps', specific gravity, behavior 
when thrown into the glowing muffle, or in the furnace 
(whether they kindle easily or diflicultly, bum quietly or 



EXAMINATION OF FDRNACE GASES. 



269 



77. EXAMINATION OF FURNACE GASES. 



■ into pieces, whether the flame is short or long, or 
nore or less smoking, the Uheration of odors, hrittleness, 
etc.), chemical composition of the fuel, and of the pulve- 
rulent, sintered, or clinkered ash, etc. 

tTo be able to judge the processes taking place dur 
5 combustion,^ the velocity of the flue gases, and the 
amount of air passing through the furnace are determined 
by an anemometer,^ the strength of the draught by a 
draugJit meter^ the intensity of the heat by a pyrometer* 
and the amount of carftontc acid, carhonic oxide, and/ree 
oxygen in the furnace gases are ascertained — 

1, By means of Oraai's apparatus.'^ — With some ex- 
"jjerience and intelligence this apparatus gives results avail- 
able for practical purposes, even in unscientific hands. It 
is based upon the principle, that a measured volume of 
gas is conducted through agents for the absorption of its 
^jrincipal constituents (caustic potassa for carbonic acid, 
potassium pyrogallate for oxygen, and solution of cuprous 
chloride for carbonic oxide), the volume of gas remaining 

Iter each absorption being measured, when the amount 
I. 



p. s 

HI-' 

m 



ffevi, Tlionwaftrenindustrie, 1879, p. SOI. 

Topfer- u, Ziegler-Zts, 1878, No. 1. 
• Dingier, clxii. 48 (List). Nolizbl. der deuUch. Ver. f. FabrikBlion von 
■jgeln u. a. w. ii. SB ; xi. 191 ; liil. 40, 42. Topfer- ti. Zieglec-Ztg. 1877, 



Ker!, Grundr. d. allg. HuUeiikunde, 1879, p. 85. Mitchell, Practical 
.ABsajinB:. p. 131. 

' Fichel-Ramdolir, Qasfeuerung, Halle, 1875. Ann.desiniDes, vol. viil. 
livr. 6de 1875. B. u. li. Ztg. 1874, p. 332; 1875, p. 148; 1678, p. 73; 
1877, p. 147. Dingier, ccxix. 430 (Weinlioldl. Fresenius' Ztschr. 1877, 
(Bcyberlli). Oeat. Ztgclir. 1877, No. 11, 13,16. Zlscbr. de Ver. 
lUtscli. Iiig. XX. 318. Dingier, ccxxvii. 2.18; ccsxix. 263 (FiscLer.) 
'inkier, Anleitung ?.. Cliem. Unipraochung dcr Industriegaae, 2 Ablli., 
r7, p. 185B. 
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of each will be ascertained from the difference. The ap- 
paratus is placed in a portable wooden case, and, accord- 
ing to Fischer's latest construction, is arranged as follows, 
(Fig. 63):— 

A is a burette inclosed in a glass cylinder. Its lower 
end is connected with the water flask £! by means of a 
rubber tube. The burette is capable of holding 100 cubic 

Figs. 63 and $4. 




centimeters (6.1 cubic inches). Its lower part holding 40 
cubic centimeters (2.44 cubic inches) is graduated to one- 
fifth cubic centimeter (0.012 cubic inch), and the upper 
part in whole cubic centimeters (0.061 cubic inch). S 
C D are the absorption vessels (B for caustic potassa, C 
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for potassium pyrogallate, and D for solution of cnprous 
chloride, or a fluid obtained by shaking copper hammer 
scale with a mixture of^equal volumes of ammonia and 
cold saturated solution of sal ammoniac). The vessels 
are filled with fine glass tubes and connected with the 
burette by means of a system of thick-walled capillary 
tubes, ahc are plain cocks ; (? is a Winldcr cock (Fig. 
64, B), which besides having a simple perforation is also 
cut lengthwise. The outer end, a, is connected with an 
aspirator by means of a rubber tube. When the cock is 
properly set, the tube e (which is provided with a little 
water, and loosely tilled with cotton, in order to saturate 
the gas with water vapor and to retain dust), and the 
gas-conducting tube connected with it, can then be filled 
with the gas to be examined. 

The operation is conducted as follows; The cock d 
is set so that it communicates with the outer air. The 
flask E, filled with water, is raised so that A will become 
completely filled with water, the air escaping from d. d 
is then closed towards A. The cock a is now opened and 
the fiask E lowered, whereby the absorption vessel B is 
filled with the absorbing liquid (potassium hydrate) to the 
mark immediately below the cock a, whereu(jon this is 
closed. C is filled in a similar manner with potassium 
pyrogallate, and D with a solution of cuprous chloride 
from vessels of equal size communicating with and placed 
behind them. The furnace gas to be examined is aspi- 
rated through the aspirator, and the connection between e 
and A is established by the cock d, after the burette A has 
been completely filled by raising the flask E. The latter 
is then lowered, when A will be become filled with the 
gas. d being properly sot, the gas is allowed to escape by 
again raising E, in order to expel any small quantities of 
air which may still be contained in the capUlary tubes. 
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apparatus ^^H 
:o handle t^^^| 



After A has in this manner been filled with gas, 
successively forced by the same nianipiilation tl 
B, C, and D, and each time returned to A, in order 
measure the volume of gas which has been absorbed re- 
spectively in B, G, and D. 

Orsal has further enlarged liis apparatna so lliat hydi 
carbiiretled hydrogen can be also dtttermined.' An apparatus 
examining gas, by Schwack/iojer,'' has reoeiitly been 
it being claimed that it is less easily broken and safer to handle 
Orsat's. 

2. By mea/n^s of Bimte's burette^ (Fig. 65), — An unlim- 
ited number of absorbing agents can be used in this 
apparatus, as it allows of the removal of the absorbing 
liquids from the burette without a loss of gas every time 
after they have been used, and further permits the gas 
inclosed in the burette to be brought, after each absorp- 
tion, to the same pressure. -4 is a burette divided from 
the WinJder cock, a, to the common cock, b, into some 
what more than HO cubic centitaieters (6.71 cubic inches) 
and fractions, t is a funnel forming the upper part of the 
burette, having a capacity of 25 cubic centimeters (1.52 
cubic inches) to the mark m. The burette, A, is filled with 
gas by connecting a with the gas-conductor by means ot 
a rubber tube, and aspirating the gas through 6 imtil all 
the air has been expelled from A. a and h arc then 
closed, and a rubber tube, plugged at one end with a 
small glass rod, is pushed over the point of a. In order 
to bring the volume of gas in the burette to 100 cul 
centimeters (6.1 cubic inches), under a known pressi 






I Ann. d. min. 1875, I. viii. p. 501. Oest. Zlsclir. 1877, No. 13. 
h. Ztg. 1676, 123. Dingier, ccxxl. 284; ccxzvil. 171 (Fischer). Winkler, 
Ani. z. clicm. UntersucliiiDg der Intlustrtegasc, 3 Thl. p. 198. 

' ZtscUr. der berg- n. hUllenm. Ver. fUr Steyermark u. Karntliei 
No. 3-6, p. 7S. 

» Dingier, ccxxvii, 1B7 ; ccxxvili. 46. 
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er is forced into the burette up to the point by 
,ns of a rubber hose filled completely with water, and 
lected with the funnel, T^ and the point of the burette, 
then closed, and a opened towards 7n, whereby a part 
le gas escapes, and the inclosed remaining part stands 
er the pressure of the atmosphere and a column of 
er a few cubic centimeters high. The gas can in a 
lar manner be brought under equal conditions of 
sure at any desired position of the liquid in the 
3tte, and a correction 
the pressure, which is 
ie the same at every 
ling, is not required in 
customary statement of 
results of the experi- 
Lts in per cents, of the 
1 volume. 

'he following is the pro- 
of manipulating when 
lace gases in the burette 
:ain carbonic acid, car- 
Lc oxide, and oxygen, 
minutely perforated 
it, 6, of the burette is 
lected with the flask, 
by the rubber tube r. 

cock h is then open- 
and air drawn out 
•ugh the tube s by 
ion, whereby water is 
vn from the burette A to F^ and then h is imme- 
ely closed. The flask, F^ is removed from the burette, 

the point of this is dipped into a dish containing 
tion of potassium hydrate. When the cock h is 

18 
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opened, this enters -4, and replaces the water drawn 
out. The burette is held by its extremities and gently 
shaken for the absorption of the carbonic acid. As soon 
as this has been accomplished, t is connected with -4, by 
the cock a, whereby water enters into A^ until the pres- 
sure is completely equalized. The volume of carbonic 
add^ which has disappeared, is read off on the burette. 
The oxygen is determined in a similar manner by with- 
drawing a part of the potassium hydrate by suction, and 
allowing potassium pyrogallate to enter; while for the 
determination of the carbonic oxide^ the potassium pyro- 
gallate must be entirely removed from the burette by 
repeatedly aspirating the liquid from J., through 5, and 
allowing water to flow in through a from ^, until the 
absorbing agent has been entirely removed, when solu- 
tion of cuprous chloride is introduced in the manner 
indicated. 
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A. Tabular Synopses. 



1. Atomic Weights, 





Old 

equivalent 

weights. 


New 

atomic 

weights 




Old 

equivalent 

weights. 


New 

atomic 

weights. 


linium 

nony 

lie 


13.7 

122 

75 

68.5 
4.7 
210 

11 

80 

56 
183 

20 
6 

• • • • 

35.5 

26.1 

29.5 

31.7 

48 

56.3 

19 

• • • « 

197 

1 

56.7 
127 

99 

28 

46 

103.5 
7 

12 

27.5 


27.4 
122 

75 
137 

9.3 
210 

11 

80 
112 
133 

40 

12 

91.2 

35.5 

52.2 

59 

63.4 

95 
112.6 

19 

68.8 
197 
1 
113.4 
127 
198 

56 

93 

207 

7 

24 

55 


Mercury 

Molybdeuum . . . . 
Nickel 


100 

46 

29.8 

47 

14 

99.2 
8 

53.3 

31 

99 

39 

52.2 

85.5 

52.2 

39.7 

14 
108 

23 

43.8 

16 

91 

64 
204 

• • • • 

59 
25 
60 

• • • • 

92 

80.85 
32.6 
44.8 


200 
96 
58.6 


m 


Niobium 

Nitrogen 

Osmium 

Oxygen 


94 


Hum 

Qth 


14 
199.4 


1 


16 


ine 


Palladium ....... 

Phosphorus 

Platinum 

Potassium 

Rhodium 

Rubidium 

Ruthenium 

Selenium 

Silicium 

Silver 


106.6 


liuui 

im 


31 

198 


Lim 


89.1 


)n 


104.4 


m 


85.5 - 


ine 


104.4 


nium 

t 


79.4 
28 


3r 


108 


nium 


Sodium 


23 


m 


Strontium 

Sulphur 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin 


87.6 


ine 


82 


im 


182 




128 


3gen 

m 


204 
232 4 


B ». . . 


118 


m 


Titanium 

Uranium 

Vanadium 

Wolfram 

Yttrium 

Zinc 


50 




120 


lanum 


51.8 
184 


ini 


61 7 


esium 


65.2 


anese 


Zirconium 


89.6 
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2. Fusing Points of Metals and Furnace Products ^^ Glowing 

Temperatures, 



Tin 

Bismuth .... 

Thallium .... 

Cadmium f4550 C, 851o F.)(boil 
ing point 891o C, 1635.80 F.) 

Lead ..... 

Zinc (boiling point according to 
Becquerell 891o c., 1635. 80 F 
according to Deville 1040O C 
1904OF.) 

Antimony . 

Incipient redness 
Dark redness 

Aluminium 

Incipient cherry -redness 
Strong cherry-redness . 

Bronze .... 

Litharge .... 
Complete cherry-redness 

Silver (according to Becquerell 
9160C., 1680.80 F.) 

Copper matt 

Brass . . . . 

Lead matt . 

Black copper 

Raw matt . 

Lead speiss . 

Copper 

Gold (according to Becq 
1037^ C.,1 898. 60F.) 
Bright redness 
White heat . 

Lead and lead matt slag 

Raw slag 

Black copper slag 

Blast furnace slag 

Cobalt (1400O C. 25520 F.) 
Strong white heat 
Dazzling "white heat 

Cast iron (according to Becque- 
rell 1050 to 1200O C, 1922 to 
21920F.) . . . . 

White crystalline pig iron accord- 
ing to V. Tunner 

Gray charcoal pig iron according 
to V. Tunner . . . . 



erell 



FasiQg 

point 

(Celsius). 

2280 

264 

290 

820 
835 




442.40 

507.2 

554 

608 
635 



412 
432 



700 



900 
954 



1000 
1002 
1015 
1027 
1027 
1047 
1002 
1090 

1200 



773.6 
809.6 



1292 



1652 
1749.2 



1832 

1835.6 

1859 

1880.6 

1880.6 

1916.6 

1943.6 

1994 

2192 



Glowing 

temper'tare 

(Celsius). 



1315-1330 2399-2426 
1330-1360 2426-2480 

1345 I 2453 
1390-1430 2534-2606 



Olowiog 

temper' ture 

(Fahr.). 



5250 

7< 



700 



800 
900 



1000 



9770 
1299 

1472 
1652 



1832 



1200 I 2192 
1300 I 2372 



1400 ' 
1500-1600'2732-2913 



1500-1700 2732-3092 



1600 
1700 



2912 
8092 



» The older fusing points mostly according to Plattner ; those inclosed in 
brackets are newer, according to Becquerell. 
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Fusing 

point 

(Celsius). 



Fnslng 

point 

(Fahr.). 



Palladium (according to Becque- 
rell 1360 to 1380O C, 2480 to 
25160F.) . . . . 

Nickel (1600O C, 29120 P.) 

Wolfram (17000 C, 8092O F.) . 

Manganese (according to John 
1500O C, 27320 F., according 
to Becquerell 1600^ C, 29120 
F.) 

Uranium and molybdenum 
(1600O C, 29120 F.) 

Chromium (1700© C, 3092^ F.) 

Steel (according to Becquerell 
1300 to 1400O C, according to 
V. Tunner 1850© C, 33620 F.) 

Malleable iron (according to Bec- 
querell 1600O C. , 29120 F. ) . 

Platinum (according to Debray 
2000O C, 36320 F., according 
to Becquerell 1460 to 1480O C, 
2660 to 26960 F.) . 

Iridium (2400O C, 4352© F.) . 



1600O 



29120 



Glowing I Glowing 
temper'ture temper'ture 



(Celsias). 



(Fahr ). 



il700-1900|3092-3452 

I 

11900-2100 3452-3812 



2534 i 4593.2 



Plattner's method is based upon Prinsep's principle (determination 
of temperatures hj the fusing points of alloys), but his deductions are 
untenable, although probably approximate for the average of com- 
mencing fusion of substances. The determination of the fusing point 
of the old furnace products of the Freiberg smelting works is also of 
but little importance at the present time, as these products have lately 
been materially changed by new processes. 

Erhard and Sch^rtel have recently made experiments with the aid 
of their improved pyrometer to determine the fusing points of metals, 
alloys, furnace products, silicates, minerals, and rocks. As these 
may be considered at the present as the most reliable, we give them 
in the following table. 
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3. Fusing Points of Metals^ Alloys., Furnace Products^ Rocks^ and 
Silicates, according to Erhard and Schertel} 

a, Metals and Alloys, 











— 


Degrees Celsius. 


1 

' Degrees Fahrenheit. 


Ag 


• • • 




954 


1749.2 


80 Ag 


20 Au 






; 1 975 


1787 


60 ** 


40 ** 






995 


1823 


40 '' 


60 " 






. ! 1020 


1868 


20 " 


80 ** 






. ; 1045 


1913 


An 


• • 






. 1 1075 


1967 


95 Au 


5 Pt 






. : 1100 


2012 


90 *' 


10 ** 






1130 


2066 


85 '• 


15 '' 






. 1 1160 


2120 


80 '* 


20 '* 






1190 


2174 


75 " 


25 '' 






1220 


2228 


70 *' 


30 '^ 






1255 


2291 


65 " 


35 '* 






1285 


2345 


60 *' 


40 ** 






1320 


2408 


55 '* 


45 ** 






. i 1850 


2462 


50 " 


50 '' 






1385 


2525 


45 ** 


55 f 






. ' 1420 


2588 


40 ** 


60 '* 






i 1460 


2660 


35 '* 


65 '* 






. 1 1495 


2723 


30 '* 


70 *' 






. I 1535 


2795 


25 *' 


75 " 






1570 


2858 


20 " 


80 '* 






1 1610 


2930 


15 *' 


85 '' 








1650 


3002 


10 '' 


90 *' 








1690 


3074 


5 '' 


95 '' 








1730 


3146 


Ft 


• • ■ 








1775 


3227 



1 Freiberger Jalirb. 1879, p. 154. B. u. h. Ztg. 1879, p. 126. 
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b, Furnctce Products and Oangues, 



Slag from working the ores in the 
Muldner smelting works (porous) 
The same rich in zinc (porous) . 
the same two slags entirely fused 
Concentration slag of copper matt 
Melaphyre from Mulatto . . . 
Pitchstone from Arran . . . 

Asbestos 

Temperature iu the porcelain kiln 
Blast furnace slag (SOSiOj, llAlfi^, 

3FeO;30CaO) 

Fusing point 77Au 23Pt=:1208OC. 
(2206.40 F.). 
Freiberg raw slag (48SiOj, OAl^Os, 

37FeO,4.5CaO,1.5MgO) . . . 
Freiberg lead slag (36. 5SiO2,40. 5FeO, 

8.5Alj03,4CaO, 3MgO,7.5BaO) 

Fusing point 85Aul5Pt=1160O C. 
(2120O F.)* 
Freiberg black copper slag (32.7Si02, 

60.3FeO,7Al2O,) 

Fusing point 83Au 17Pt=:11720C. 
(2141.60 F.). 
Rliw slag from 3.45 dry ore and 5.25 

lead slag 

2.4 raw matt, fusing point 83 Au 
17Pt=11720 C. (2141. 60 F.). 
Lead slag from 2.34 roasted lead 

ore, 1.80 roasted raw matt, 5.00 

lead slag, 0.30 powdered coke . 



Corresponding 
alloy. 



70 Au 30 Ag 



I 



90 Au 
80 '* 



94 



(( 



60 *' 
50 " 



49 



(( 



59 " 
75 " 



67 



n 



68 



»( 



77 



(( 



10 Pt 
20 Ag 

6Pt 

40 " 
50 " 



51 



(( 



41 
25 



(( 



(( 



33 



(( 



32 



(( 



28 



(( 



Temperature 
degrees 
Celsius. 



1030 

1130 
1045 

1106 

1300 
1400 

1392 

formation 

temp. 

1326 

1220 



1273 



1267 



1208 



Temperature 

degrees 
Fahrenheit. 



1886 

2066 
1913 

2022.8 

2372 
2552 

2537.6 



2418.8 
2228 



2323.4 



2312.6 



2206.4 



B. Lower Harz Working Assays. 

According to Brdwaing^ the following methods are used 
in the Oker assay laboratory for assaying the Rammeh- 
berg ores and the furnace products obtained from them, 
after 25,000 to 75,000 kilogrammes (55,000 to 165,000 
lb.) have been broken into pieces the size of a fist. A few 
grammes of samples, are taken by crossing; these are 
comminuted in a stamping-mill, powdered fine in a mor- 
tar, and sifted. 



1 Zeitschr. f. Berg-, Hutten-, u. Salinenwesen im Prcuss. Staate, Bd. 25. 
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a. Lead (p. 94).— 3.75 to 7.5 grammes(57.87 to 115,74 
grains) of the ore are decomposed with agiia regia and 
evaporated with addition of sulphuric acid. The mass is 
then digested with diluted snlphnric acid, and filtered. 
The filtrate is placed on the roasting-dish and dried un- 
der the muffle. The mass is then mixed with three times 
the quantity of black flux ( 1 part of saltpetre and 2 parts 
of argol), and placed in q, crucible (Fig. 39, p. 66). 0.75 
to 1.13 grammes (11.57 to 17.44 grains) of iron wire and 
a thin covering of common salt are added, and the charge 
is fused under the muffle for from fiileen to twenty 
minutes. 

b. Ccypfer. — The filtrate from the test with sulphuric 
add (a) is diluted to the bulk of 1 liter (1.76 pints). 25(1 
cubic centimeters (15.25 cubic inches) of this are taken 
and treated with 10 to 15 cubic centimeters (O.til to 0.91 
cnbic inch) of nitric acid of 1.2 specific gravity. The 
solution is then precipitated by sulphuretted hydrogen, 
and the precipitate, in case its color indicates the presence 
of considerable quantities of antimony and arsenic, is 
treated with sodium sulphide. The residue of copper sul- 
phide is dissolved in 20 to 30 cubic centimeters (1.22 to 
1 .83 cubic inches) of moderately diluted nitric acid. This 
is diluted with water, filtered, and the copper precipitated 
by electrolysis (p.' 115). — Swedish assay for the deter- 
mination of copper in intermediate products. The ob- 
ject is attained more quickly by this method, but it is 
done at the expense of accuracy. 3.75 grammes (57.87 
grains) of the assay sample are decomposed with aqua 
regia, and evaporated to dryness with sulphuric acid. 
The dry mass is then taken np with some diluted sul- 
phuric acid, filtered, and the copper precipitated with 
zinc. The precipitated copper is then ignited under thu 
muffle. — Heine's colorimetric assay (p. 128) for products 
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or in copper (slags, lixiviation residues). 3,75 grammes 

fe7.87 grains) of tlie substance are decomposed by means 

F aqua regia. The solution is supersaturated with am- 

lonia and filtered. It is then diluted to a known volume 

and compared with standard solutions. 

c. Iron. — The filtrate from the precipitation with sul- 
phuretted hydrogen (b) is oxidized with nitric acid. It 
t then evaporated to a small volume, and precipitated 
pth ammonia. The precipitate is dissolved in hydro- 
Idoiic acid, reduced with stannous chloride, and the 
Iscess of stannous chloride is titrated back with solution 
r iodine (^KerVs Eisenprobirlcwnst, 1875, p. 16). 
I d. Zi,iw (p. 21 2). — The filtrate from the iron precipitate 
\ slightly acidulated with hydrochloric acid, and then 
^ted for zinc with potassium ferrocyanide by the volu- 
ietric method. 

■ e. Silver. — 3.75 grammes (57.87 grains) of ore, dIc, 
are placed in a scorifier with a mixtiu-e of 37.5 grammes 
(578.70 grains) of granulated lead and 0.55 to 0.75 
grammes (8.49 to 11.57 grains) of borax, and with a 
cover of 0.37 gramme (5.71 grains) of borax, and the 
charge fused. The lead buttons are cupelled in cupels 
made of 3 parts of wood-ash and 1 part bone-meal. The 
buttons of silver are weighed. — Black copper and crude 
copper are fused with twenty times the quantity of granu- 
lated lead. The assay of fine silver is executed accord- 
ing to VolhartVK method, it being simpler and more expe- 
iUtious than that of Gay-Lrissac, and equals the last^ 

med in accuracy. 

1/ Gold. — The buttons obtained from fusing with 

i (see e) are dissohed in nitric acid (free from chlo- 

te) of 1.2 specific gravity. The solution is carefiilly 

sated to the boiUng-point, and, when the action of the 

■ad can no longer be perceived, the argentiferous solu- 
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tion is separated from the gold. The latter is carefully 
washed, placed in a tared porcelain crucible, gently ignited, 
and then weighed. In fine silver assays the percentage 
of gold is determined in the manner indicated on p. 157. 
g. Sulphur (p. 259). — 1.87 grammes (28.86 grains) of 
raw or roasted ore are digested for several hours, in the 
cold, with concentrated fuming nitric acid. An equal 
quantity of concentrated hydrochloric acid is added, and 
the liquid heated on the sand-bath, until the nitric acid 
has been driven off. It is then diluted with water, fil- 
tered, and the sulphuric acid precipitated with barium 
chloride. Or, by another method, which is more easily exe- 
cuted and gives sufficiently accurate results, the ore is 
fused with alkaline nitrates and carbonates in iron dishes 
under the muffle, etc. (p. 260). 

C. Schaffner's Assay of Zinc (p. 207) as modified by 

Brunnlechner.^ 

Crystals of sodium sulphide are dissolved in water 
with the application of heat until the solution is super- 
saturated. The solution is then allowed to cool off and 
settle. The clear solution is poured off' and diluted with 
10 to 11 times the quantity by volume of water. It is 
then poured into a flask having the capacity of 4 to 5 
liters (7.04 to 8.8 pints) and provided with a doubly per- 
forated cork. Into one of them is fitted a glass siphon 
with a rubber tube and pinch-cock, and into the other a 
short, small, glass tube which may be closed by a cock or 
cork. The contents of the flask is thoroughly shaken, 
and, the flask being closed, the siphon is filled by blowing 
into the small tube and opening the pinch-cock at the 
same time. The liquid is then allowed to stand for at 

> Oesterr. Zeitschr. f. Berg- u. Hiittenwesen, 1879, No. 37. 
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least twelve hours before it is used. Its strength will 
\)e diminished within twenty-four hours, to the extent of 
2.5 to 3-thousandths by the oxidation of the sodium sul- 
phide. As much chemically pure zinc as is approxi- 
mately contained in the sample ore is then weighed off. 
If, for instance, the ore contains 40 per cent, and 0.5 
gramme (7.71 grains) have been weighed off for the 
assay, about 0.2 gramme (3.08 grains) of pure zinc will 
be required. This is placed in a flask capable of holding 
half a liter (0.88 pint) and dissolved in 10 cubic centi- 
meters (0.61 cubic inch) of concentrated hydrochloric 
acid. The solution is diluted with 100 cubic centimeters 
(6.1 cubic inches) of water, and treated with 50 cubic 
centimeters (3.05 cubic inches) of ammonia. It is then 
thoroughly shaken and allowed to stand for some time, 
as, otherwise, the indicator would be affected too quickly 
and the titer of the standard solution would be too high. 
1 cubic centimeter of the solution should precipitate at 
least 8, and at the utmost, 10 milligrammes (0.12 and 
0.15 grain) of zinc from the assay. 

When the ore contains over 20 per cent. 0.5 gramme 
(7.71 grains), and, if less, 1 gramme (15.43 grains) of 
zinc carbonate and roasted zinc blende is dissolved in con- 
centrated hydrochloric acid, to which a few drops of nitric 
acid have been added, but raw zinc blende and calamine 
are dissolved in aqua regia. In case gelatinous (ferru- 
ginous) silica should be separated, the solution should be 
diluted, the liquid poured off" from the residue, the sedi- 
ment on the bottom detached by means of a glass rod, 
again heated with acid, and the two liquids then united. 
In case sulphur should be separated from silicious 
zinc ores, fuming nitric acid or potassium chlorate is 
added. The solution is then evaporated to the consist- 
ency of syrup, in order to remove the excess of acid. The 



284 



The^ 

''le 
1- 

r; 

"1 



residue is then moistened with a few drops of hydrochloj 
acid and dihited with 20 cubic centimeters (1.22 culnc' 
inches) of water. To this are added 30 cubic centimeters 
(1.83 cubic inches) of ammonia and 15 cubic centimeters 
(0.91 cubic inch) of ammonium carbonate. The solu- 
tion is allowed to settle and then filtered into a flask of 
500 cubic centimeters (30.51 cubic inches) capacity. Thi 
filter is washed with 30 cubic centimeters (1.83 cul 
inches) of warm ammonia, and finally with warm ammi 
niacal water. When much ferric hydrate is present the 
precipitate is again dissolved and precipitated with am- 
monia and ammonium carbonate. — Plvmbi/eroiis ores: 
The assay sample is dissoh'ed in nitric acid, and the solo*, 
tion evaporated with sulphuric acid. The lead and cal*''. 
cium sulphates are then filtered off. If the ore contains 
but little calcium, it may be treated with nitric acid, and 
the lead precipitated with 30 cubic centimeters (1.83 cubic 
inches) of ammonia, and 15 cubic centimeters (0.91 cul 
inch) of sodium phosphate. When much calcium 
present, the precipitate is again dissolved and precipitated^ 
A stand with three shelves is used. The uppermost 
shelf serves for the reception of the flask containing the 
sodium sulphide, the second smaller one, for a small 
flask with a pipette containing the indicator solution, and 
upon the lowest shelf, wliich projects somewhat, the fla^ 
containing the solution of zinc is placed. Over this^, 
hangs a burette with a pinch-cock fastened to arms on thi; 
vertical wall, its mouth being directly under the orifice 
the pinch-cock on the flask containing the standard solff*' 
tion. Duplicate titrations are then made, between which 
only decimal diff'erences are allowable. Suppose E iw* 
the weight of the assay sample in eg., Q the quantity o^^ 
standard solution in c.cm. used for the precipitation, Jl:^:^ 
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the total quantity of the assay solution in c. cm. ; the titer 
will be — 

~ [Q—(Mx 0.007) ] 
if hydrated peroxide of iron has been used as the indica- 
tor, or 

T= 100^ 

^[Q — (Mx 0.005)] 
if paper saturated with ferric chloride (p. 209) has been 
used. 

In titrating the' samples, one-third to one-half of the 
approximate quantity of the precipitating agent required 
should be added every time to the solution and this well 
shaken. A drop of solution of ferric chloride is added 
to the zinc solution from a small pipette. The mass of 
hydrated peroxide of iron which is formed is broken up 
into as equally sized flakes of 1 to 1.5 millimeters 
diameter (0.039 to 0.059 inch) as possible by vigorously 
swinging the flask to and fro. This swinging is con- 
stantly continued while solution of sodium sulphide is 
added bv cubic centimeters, until the color of the flakes 
commences to change. A minute is then allowed for the 
reaction of the particles of liquid which have remained 
Ineffective, and the precipitation is then finished by adding 
sodium sulphide drop by drop. If V is the quantity of 
the precipitating agent consumed in c.cm., T the titer, M 
the total quantity of the solution in c.cm. after the assay 
is finished, the percentage of zinc when ferric hydrate has 
been used as indicator, will be — 
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^= j-^ [F- (if X 0.005)] 
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wlicn blips of paper saturated with ferric chloride have 
been used. Wlien the first plan is employed the titration 
must be continued, in order to ascertain the titer, until 
tlic flakes become entirely black, but, in titrating solutions 
of ore, only until the reddish-brown color has passed into a 
grecniish tint. The following conditions are required for 
obtaining a sharp reaction: tlie flakes must be nearly 
of the vsamo size, the flask should be carefully swung to 
and fro to prevent the flakes from being broken up 
any further ; not too much of the precipitating agent 
must 1)0 addtnl at one time, and it should not fall direcdT 
\\\m\ the flakes^ but run down the sides of the flask; 
the titration should be done at the ordinary tempera- 
ture^ whon4)y tlie reaction ap^>ears more gradually and 
uniformly^ but the pnx^ution must at the same time be 
observoil of adding the standard solution at longer inter- 
\^ls ; uniformity of quantity' and time in treating the assays; 
judging the tone of color by reflected light: and finally 
the flake reaction should be controlled by a drop test 

If it is itHjuired to determine the amount of over 0.5 
per cent, of load in zinc ore, 2 grammes (30.87 grains of 
the sample aix? dissolved in nitric acid and evaporatied to 
dryness. Some diluted sulphuric acid is added to the dry 
ma:ss, and this is again ova|>orated until white vapors ap- 
pear. It is allowed to become cold, diluted with HfS rnbic 
contimotors (1/2*2 cubic inches) of water, filtered, and wasSied 
until the wash water shows no reaction with ammamnBi 
sulphide. The precipitate (lead sulphate, calcium ail- 
phato, ganguo) is rinsed off into a beaker and digested 
with a mixture of ammonium tartrate and ammania ia 
excess. The lo^d solution is filtered oC the lead pawapi- 
tAtod with sulphuric acid, and the le^d sulpihate drirf 
and weighed ; or, it is detached from the filter., liie laittif 
incinerated, and the precipitate ignited (see also p, 98). 
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Absorption by the cupel, correction 

table for, 150 
Abstricb, 95 
Acid solvent agents, 79 
Acids for wet assays, 83 
Air- excluding fluxes, 82 
Air, ignition with admission of, 33 
Alloys, gold, free from copper, prelimi- 
nary test for, 167 
of copper, refining of, 109 
of gold, assaying, 166-178 

with copper, separated by 
cupellation, 178 
of lead, assaying, 97 
of platinum, 180-182 
of silver, assays of, 146-159 
sampling, 23-25 
weighing samples of, 30 
Amnlgam, 131 
American assay weight, 71 
charge of copper, 103 
Ammoniacal nickel solutions, 192 
Ammonia, precipitation of nitric acid, 
bismuth, or lead in solution of cop- 
per by, 128 
Ammonio-ferrous sulphate for assay of 

manganese, 256 
Ammonium carbonate, 82 
Anglesite, 97 

Anthracite and graphite, substitutes for 
charcoal, 76 
coals, composition of, 262 
Antimonial nickel, 182 

ore (ullmannite), 182 
silver, 131 
Antimonium crudnm, 233 

liquation process for determin- 
ing, 283 
Antimony, 232-236 

and sine in lead, 141 
assay of, by precipitation, 233, 234 
detection of, in lead, 95 
fire assays of, 232-234 
gold with, 162 
gravimetric assay of, 235 
in antimony sulphide, determina- 
tion of, 288, 234 



Antimony — 

in copper, removal of 111 

in nickel ores, 189, 190 

in precipitated copper, test for, 113 

ores of, 232 

oxide, 82, 232 

oxidized ores of, do not require 

roasting, 234 
oxysulphide, 232 
precipitation uf, by galvanic action, 

116 
protects copper from slagging, 

104 
removal of, in zinc assays, 211 
ronstingand reducing assay for, 234 
sulphide, 232 

determination of antimony in, 
283, 234 
volumetric assay of, 285, 236 
wet asHays of, 235, 236 
Apothecary balance, 70 
Aqua regia, decomposing lead ore with, 

95 
Argentiferous gold, preliminary assay 
of, 170 
roll assay, charging, 171 
cupelling, 171 
for, 170-177 
weighing the sample of, 
170,171 
lead, cupellation of, 141-144 
Arsenates of copper, 100 
Arsenic, 236-241 

acid, to reduce to arsenious acid, 

241 
fire assay of, 236-238 
for copper, 82 
gold with, 162 
in copper, removal of. 111 
in nickel ores, volatilizing, 186 
native, 236 

fir3 assays of, 236, 237 
ores of, 286 
precipitation of, by galvanic action, 

116 
protects copper from slagging, 104 
removal of, in zinc assays, 211 
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Binohof on oolorimeirio process for ImJ, 


off, 185. no 


100 


Araeiiide, cobalt, in nickel area, 186 


Diamutb, 224-227 


Arieniauaaaid, -237 


aunferout-, 166 ^H 




copriferons. :^24 ^M 


ArMniiing Axd fusing niokol ores, 1B5 


fire nasa;a of, 224-226 ^H 


BLckEl oree, 1S3 


ginnoe, ^H 


Aab, amoQnt at. In different kinds of 


in oopper, removal of. Ill ^^H 


fuel. 2«5 


solution, precipitation of, IM 


in fuelB, delsrminalion of, 204. 265 


in niokel ores. 184 


Asany fnrnncea, 4'J-e3 


native, 224 


lend. 81 


ochre, -224 


liqaid, meiiaDriug and titration of, 


ores, 224 


45-49 ■ 




modified Swediab, 110 


pbur. 224. 225 


of e"'*'"'^ "'t'' ^^i^"^ ^"^- potna- 


Joaobimstbal process for, 2ii 


aium cni'bonate. nnd Sour. dO 


Roae'a process for. 228 ^_ 


of plfttiniferoua ores. 179, 180 


aulphuriied. 225, 226 ^H 


reagents, Tti-63 




lessela, 84-70 


wet assays of, 226. 22T ^H 


for the dr; method, 84-6!* 


precipitation of, by galvanic ad^^l 


far the wet melhod, 69. 70 


IIU 1^1 


Assnys of ftlloja Qf Bil»Br, 14H-159 


separation from lead, 220, 22^H 


of lend in the dry way, 86-U7 


Bismutbic oupel ash, 224 ^^M 


Assaying by the oupel. 141-144 




object of the art of, 17, 18 


Blnok oopper. refining, 107 ^^ 


Ataoamite. 100 


au», 76. 80, 81 


Alomio weights, 275 


and metallio iron, mbbj ■>( 


Auriferous iron, steei, eto., 166 


galena with. 811-Bl 


lead und bismuth, lfi6 


composition of, S6 


oupelUlian of, 164. 166 


Blast furnaces, 60, 61 


silver buttons, effect of plalinam, 


lamp, 42, 43 


rhodium, tLud iridium on, 


Bleiherg, Oarintlila, wet assays of U>i 


176 


in, 98, 99 




treatment of lead matt !n, 89 


snmplBBof ores, 178 


Blowpipe, use of, in assaying, 18 


pul.erulent naaay of, 177. 178 


Bine vitriol, 101 


Aaatralia. assay of gold in, by WHsbiug, 


Boiling argentiferous gold In nitric 


160 


uoiJ, 172, 174 


Ausirisn ftsany weighia, 71 , 


Bone-nah. mould for making oupelaof, W 


Asurile, 100 


Borax, 79 




aud lend, refining copper with, m. 


BalanceatiDd weighia. 70.71 
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Bslling'B voluiuetrio nasiiy for silver. 
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144, 146 


Baaes and salts for oet asaays, 83 


silver, 133 


Baaio solvent agents, 80 


Borni-glasB. 70 


Batteriea, IIU 




Beilstein and Jaweio on galvanic assay 


Braunite, 246 


of lino, a06 


Bromine, decomposition of gold oreay. 


Belgian assajr of gnlrnn, 86 


165 


Belgium, treBlment of lend matt in. 


Bromyrite, 131 


an 


Itronie, assay of, 123. 124 


Berlin School of Mines, furnaoea used 


Bullion or button balance. 70 


in. 64 


Bunsen burner, 42 


Bertbier on llie reducing power cf 


Bunle'a burette, for einniinntion >' 


various a-,n.s. 78 


Berthier's metbod of determining the 


furnace gases, 272-274 


absolute heating power of fuel, 266, 
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urettes, 47, 48 

uttoD, weighing the, 31 

admium, 213, 214 

galvanic assay of, 214 

ores, 213 

removal of, in zinc assays, 211 
atamine, 202 
alcining, 32, 33 

vessels, 65 
alcium carbonate, 80 

fluoride, 80 
laloriuieter, Fisher's, 266 
larbon in fuels, determination of, 2C3, 

264 
larbonate, zinc, 202 
!arbonizing, 32, 33 
lassiterite, 214 
)austic alkalies. 80, 81 
Jentner assay, 71 
Jerussite, 96 

charge of, 96 
Charcoal, 76 

and coke furnaces, 53, 54 

and graphite, 82 
Jharges, American, of copper, 103 

for dififerent copper ores, 109 

for scorification assays of silver, 
table of, 133-135 

of Hungarian fahlerz, 103 

of matt rich in copper, 103 
in iron, 108 

of various forms of copper, 103 
'harging the sample, 31, 32 
Jhemical operations, 32-49 
]hili method of sampling, 21 
Jhloriuation, Plattner's, process, 165 
chlorine, determination of percentage 
of manganese in an ore by, 246, 247 
Chrome iron ore, 243 

ores, Calvert's, Britton's, and 
Dittmar's methods for de- 
composing, 245 
'hromium, 243-246 

direct assay of, 243-245 

gravimetric assays of, 243-245 

indirect assay of, 245 

non-precipitation of, by galvanic 
action, 116 

ores, 243 

removal of, in zinc assay, 211 

volumetric assay of, 245, 246 

wet assays of, 243-246 
Cinnabar, 228 

assay of, 231 
diamond's thermo-electric battery, 116 
Classification, 32 
Jlay, 80 

vessels, 64-67 
Ooal, determination of sulphur in, 265 
19 



Coal, determination — 

of volatile products in, 264 
of the coking quality of, 264 
Coals, composition of, 262 
Cobalt, 198-202 

Cobalt and nickel, separation of, 195 
tints produced by, 158 
arsenide in nickel ores, slagging off, 

186 
assays of, 199-202 
beauty of the colors of, 199 
bloom, 198 
determination of, 199 

of blue coloring power in, 199 
dry assay, 199 
earthy, 198 
glance, 198 
metallic oxides in, 199 
non-precipitation of, by galvanic 

action, 116 
ores, 198 

assay to determine quality of 
colors, 200-201 
density of color, 201, 
202 
containing copper and nickel, 

how to roast, 200 
impure, effects of too slight 

roasting, 200 
pure, roasting of, 200 
roasting of 199, 200 
smalt, assay of, 199 
pyrites, 198 

removal of, in zinc assays, 211 
separation of, in nickel ores, 198 
slagging off from nickel ores, 186 
speiss, 200 
wet assay, 199 
Cobaltous oxide, 199 
Coins, gold, various composition of, 170 
samples for producing, 25 
silver, 147 
Coke, anthracite, and graphite, substi- 
tutes for charcoal, 76 
Coking quality of coal, determination 

of, 264 
Colorado method of sampling, 21 
Colorimetric analysis, 17 
assays by, 48, 49 
reagents for, 83 
assays for copper, 110 
how employed, 18 
of copper, 128-130 
of nickel ores, 198 
processes for lead, 100 
Combined lead and silver assay, 140, 

141 
Combustion furnace, 229, 230 
Concentrating fluxes, 81 
Cooling of the assay, 72 
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Copper, 100-130 

affinity for sulphur, 101 

alloyed with tin, assay of, 128, 

124 
and lead in nickel ores, 190 
and gold alloys, separation of, 178 
arsenates of, 101 
assay, Cornish, 109, 110 
black, free from lead, refining, 1 04 
which contains iron, arsenic, 
or antimony, refining, 104 
charges of, 103 

choice of wet essays for, what de- 
pendent on, 110 
colorimetric assay for, 110 

assays of, 128-130 
color produced by, 158 
completion of refining process, 105 
dry assays of, 101-110 
electrolytic assay of, 116-120 
Fleitmann's assay of, with ferric 

chloride, 127, 128 
glance, 100 

gravimetric assay for, 110 
Heine's assay for, 128-180 
impure (black) precipitated, exam- 
ination of. 111 
in form of cuprous sulphide, deter- 
mination of, 120-122 
in lead, 141 
in nickel coins, determination of, 

196 
in zinc ores, 207, 208 
Jaquelin- Hubert's assay for con- 
siderable percentages of, 130 
large percentage of, in nickel ores, 

188 
Lower Harz working assay of, 280 
native, 100 
nickel, 182 

ores, with small percentage of, 
187 
ores, 100 

containing bitumen, treatment 
of. 111 
neither lead nor antimony 
nor arsenic, treatment 
of, 106 
different charges for, 109 
oxidized, 100 
purple, 100 
reducing and solvent fusion of, 

102 
roasting, 102 

with antimony or arsenic, 100 
with sulphur, antimony, and 
arsenic, 102-108 
Parke's assay of, with potassium 
cyanide, 124-127 



Copper — 

phosphates of, 1 00 
poor in silver, 1 47 
precipitated, containing antimony 

and arsenic, color of, 113 
precipitation <$f, by the galvanic 
current, 115 
of, with iron, 111-114 
of, with iron or zinc, 110, 111 
of, with zinc, free from lead 
and arsenic, 114, 115 
protection of, from slagging, 104 
pure precipitated, color of, 113 
pyrites, 100, 266 
red, 100 

refining by itself without borax 
and lead, 106, 107 
on the dish with borax, 104 
with lead and borax, 106, 107 
with the blowpipe, 108 
removal of, in zinc assays, 211 

of metals in, which are preci- 
pitated with iron and zinc, 
110 
sulphide, 132 
superior accuracy of wet assays of, 

110 
test for, 114 

of assay of, 106 
of complete precipitation of, 
by sulphuretted hydrogen, 
115 
the most accurate process for re- 
fining, 104 
volumetric assays for, 110 

of, 124-128 
wet assays of, 110-180 
with bismuth, determination of, 
227 
Cornish assay of copper, 101, 109, 110 
of tin, 219-220 

less accurate than the 
German, 220 
Cornwall, determination of tin in, 215 
Correction table for absorption by the 

cupel, 150 
Crocoisite, 96, 243 
Crossing method of sampling, 20, 21 
Crucible assay for gold, 161 
of silver, 187-140 
for smelting iron, 67 
Crucibles, 66, 67 

for ass^ of lead, 67 
for copper and lead smelting, 67 
Upper Harz, 65 
Cupel, loss of silver by absorption of, 

149, 160 
Cupellation of argentiferous lead, 141^ 
144 
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of auriferoas lead, 164, 165 determining tlic Utn\u^ \ni\uln of fM*f ■ 
preliminary assay of cupriferous als, alloyH, etc , 2Tt''ZlU 

alloys by, 167 Errors in assays of «;olns, fy«r^,^f»tAKM 

refining copper by, 107 of, 176 

opels, 67, 68 Krubescite, UK) 

apric sulphate, 101 Escbku's process for m^rt.nry \u Kttmht' 

iipriferous alloys, preliminary assay nation with gold, 'iMi, 2'4i 

of, by cupellation, 167 ETaporation of th'; tohtuou, 'A*4 

bismuth, 2*J4 Exclusioo of air, igiiition with, /^^ 
compounds of nickel ores, 187 

ores, 226 Pablerx, Hungarian, «;b«fg«« ^f. 1'/^ 

silrer or fine silrer, 147-150 FahUrz, Murifary, if^.nuu*ui *A Mt^*. 

iiprite, 100 h«drit«r at, J 02 

uprous fluid, filtration of. 1 1'l Favr^'^ irfv«!ittiga«('/r,« '\u f^y%*'\ io K**^ 

schist, treatment of. ll'O ing p'/wer* of *:Hf*,ou, *l*^'t 
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French Commission on Coinage and 
Mednis, correction table of, for ab- 
sorption by the cupel, 150 
French metric system of weights pre- 
ferable in assaying, 71 
Fresenius's drying di*«k. 26 
Fresenius-Will method for manganese, 

249-251 
Fuel, amount of ash in different kinds 
of, 205 
determination of ash in, 264, 265 
of heating power of, 260 
of the amount of hygroscopic 

water in, 208 
of the volatile products in, 264 
Fuels, 202-269 

assays of, 203-269 
physical and chemical behavior of, ; 
208 , 

Furnace, combustion, 229, 230 
for copper assays, 58 
for iron assays, 58 
for lead assay, 58 
gases, examination of, 269-274 
products, fusing points of, 276 
toofs, 72 
Furnaces, assay, 49-63 
blast, 00, 01 

charcoal and coke, 53, 54 
draught or wind, 55— (iO 
for solid, free-burning, flaming 

fuel, 61-53 
for sublimation and distillation, 

61,62 
muffle, 49-55 

oil, of Andouin-Deville of Paris, 54 
organic-combustion, 03 
Fusing points of furnace products and 
gangues, 279 
of gold and copper, 50 
of metals and alloys, accord- 
to Erhard and Schertel, 278 
of metals and furnace pro- 
ducts, glowing tempera- 
tures, 270, 277 
Fusion, 30 

for copper, time required, 103 

liquating, 38 

mixing, 38 

oxidizing, 36, 37 

purifying, 37 

reducing, 37 

Galena, assay of, in an iron pot, 86 

of, in various countries, 91, 92 
of, with potassium cyanide in 
clay crucibles, 89 
Belgian assay of, 86 
containing large quantities of 
earths, assay of, 93-95 



Galena — 

rich, assay of, 86-89 

with more earths, assay of, 89-93 

with zinc blende, iron pyrites, etc., 

93 
without foreign metallic sulphides, 
86 
Qaletti's volumetric assay of copper, 

124 
Galvanic assay of cadmium, 214 
Gas furnaces, 54, 55 
Gases, furnace. 269-274 
Gas-generating flask, 122 
Gay-Lussac's apparatus, 154 

method for manganase, 252 
silver assay, 44 

volumetric assay for silver, 151- 
156 
Gerlach's method for assaying salpbur 

earths, 257 
German assay of copper, 101, 102-109 
of tin more accurate than the 
Cornish, 220 
Glass, as a flux, 82 

powdered, 79 
Glaucodot, 198 
Glowing temperatures of metals and 

furnace products, 276, 277 
Gold, 159-178 

alloys, determination by color, 167' 

of, assaying, 165-178 
amalgam, 160 
and copper alloys, separated bj 

cupellation, 178 
and silver alloys, with or without 
copper, 166 
in lead, 87 

in refined copper, 104 
sweepings, crucible assay 

of, 139, 140 
with platinum, cupella- 
tion of, 181, 182 
argentiferous, roll assay for, 170- 

177 
crucible assay for, 161 
fire or fusion assays of, 1 60-165 
for collecting copper, 82 
in platiniferous ores, 179 
loss of, in cupelling, cause of> 

175 
Lower Harz working assay of, 281, 

282 
mechanical assay of, by washing, 

100 
mercury in combination with, as- 
says for, 230, 281 
native, 159 
non-alloys of, 159 
ores, 159 

American assay of, 162 
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old ores — 

with sulphur, antimony, or ar- 
senic, 162-164 
pure, preparation of, 170 
pyrites poor in, 103 
quartz, 161 

scorification assay for, 161 
separation of iridium from, by fu- 
sion, 177 
slag, 162 

smelting with learl, 161-164 
sweepings, 162 
wet assay of, 165 
with earths and oxides, 161, 162 
with platinum, cupellation of, 180, 
181 
oldsmith's sweepings, samples of, 22 
ramme, 71 
raphite, a substitute for charcoal, 76 

crucibles, 66, 67 
iravimetric analysis, 17 
assays by, 38 
for silver, 158 
of lead, 98-100 
vessels for, 69, 70 
assays, 110 

for copper, 110 
reagents for, 83 
rray flux. 77 
ireenockite, 213 

Iampe*8 method of testing refined cop- 
per, 119, 120 
Inusmannite, 246 
leating power of fuels, determination 

of, 266 
leine's assay for poor ores, slags, etc., 
of copper, 128-130 
colorimetric assay, determination 
of copper in zinc by, 21 1 
lerpin's method of testing copper, 119 
lessite, 131 

[eterogeneous fragments, sampling, 20 
[orn silver, 131 

[ungarian mercurial tetrahedrite, 229 
smelting works, assay of gold at, 

163 
speiss assay of copper, 106 
[angary, assay of sulphur ores in, 259 

of lead in, 94 
[ydrochloric acid, dissolving zinc with, 

114 
[ydrogen, apparatus for igniting in a 

current of, 121, 122 
[ydrostatic assay for silver, 159 
[ygroscopic water in various fuels, 263 

gniting precipitates, 42 

mplements and tools, 72-75 

ndia» treatment of mercury in, 229 



Indirect assay of zinc ores, 203 
Iodine, determination of tin by, 222, 

223 
lodyrite, 131 

Iridium, effect of, on auriferous silver 
buttons, 176 
separation from gold by D'Hen- 
nin's process of fusion, 177 
Iron contained .in precipitated copper, 
correction for, 113 
filings as a precipitating agent, 81 
in nickel ore, 188 

separation of, 196 
Lower Harz assay of, 281 
non-precipitation of, by galvanic 
action, 116 
• ores and manufactured iron, pro- 
cess for determining sulphur in, 
260 
precipitation of copper with, 111- 

114 
pyrites, 81, 82, 256 
assaying, 257 
with galena, 93 

Jaqueline-Hubert's assay for consider- 
able percentages of copper, 130 

Joachimsthars process for bismuth 
ores, 225 

Juptner'a fusion of gold and silver al- 
loys, 178 

Kffindelhard on the loss of gold in cupel- 
ling, 175 

Kandelhard's e'xperiments on boiling 
argentiferous gold with nitric acid, 
173 

Kipp's apparatus for precipitation, 40 

Kiistell's assay for mercury in combina- 
tion with gold, 231 ♦ 

Laminating the button of gold, 171 
Lead, 85-100, 211, 212 

and borax, refining copper with, 

106, 107 
and silver assay combined, 140, 
141 
determinination of the 

percentage of, 227 
preliminary assay of cu- 
priferous alloys by cu- 
pellation with, 169, 170 
argentiferous, cupellation of, 141- 

144 
arsenate, 96 
assays of, in the dry way, 85 

inaccuracy of, 85 
of, with sulphuric acid, 94, 95 
auriferous, 166 

cupellation of, 164, 165 



\ 



294 



INDEX. 



Lead — 

bullion, assny of, 146 
carbonate, 96 

charge of, 96 
chromate, 96 

collecting silver with, 132-141 
colorimetric processes for, 100 
dross, 97 
fume, 97 
granulated, 81 

gravimetric analysis of, 98-100 
in copper solution, precipitation of, 

128 
in nickel ores, 184 
in zinc ores, 207 
Lower Harz, assay of, 280 
matt, assaying of, in different 
countries, 88, 89 
treatment of, in Flintshire, 88 
Mohr's process of gravimetric 

analysis of, 99 
monosulphide with foreign metallic 

sulphides, 93, 94 
ores, 85 
oxide, 80 

salts of, 96 
oxides free from earthy assaying, 
95, 96 
with earths, 96 
oxidizable nature of, 104 
precipitation of, by galvanic action, 

116 
preliminary assny of cupriferous 

alloys with, 167, 108 
phosphate, 96 

charge of, 96 
quantity to be used in scorification 

assay of silver, 132 
required for alloys of gold with 
• silver and copper, tables of, 168, 
169 
separation of bismuth from, 226, 

227 
silicate (slags), 97 
skimmings, 97 

solution, preparation of, 197 
sulphate, 97 

in copper, removal of, 111 
sulphide, 132 
sweepings, 97 
tailings, 97 

test for silver assays, 135 
volumetric processes for, 100 
wet assays of, 98-100 
Leads, alloys of, assaying, 97 
Lenoir and Foster of Vienna, furnaces 

of, 54 
Lenssen on more accurate results in 

assay of tin, 223 
Leuoopyrite, 286 



Levol's assay of tin with potassio^ 
cyanide, 220 
gas-heating apparatus, 178 
method for manganese with iro 
255, 256 
Light in room during titration in si^ 

assays, 212 
Lighter's apparatus for mangane 

assays, 249, 250 
Lignite, composition of, 262 
Linnaeite, 198 
Liquation, 38 

process for determining antii 
nium crudum, 233 
Litharge, 78, 95, 141 

entirely free from silver, prepai 
tion of, 79 
Lower Harz, assay of lead in, 94 

working assays, 279-282 
Lowe's process of assay of lead 
gravimetric analysis, 99 

Magnetic iron pyrites, 256 

pyrites, 182 
Malachite, 100 
Manganese, 246-256 

carbide, preparation of, from pyr 

lusite, 246 
gravimetric assay of, 248-252 
Level's method with iron, 255, 2 
method of Fikentscher-Nolte fo 
251, 252 
of Fresenius-Will for, 249-2 
methods of Bunsen and Gay-Lussa 

252 
ores, 246 

commercial value of, 248 
table of theoretical yield o 
oxygen, chlorine, and pe«" 
oxide by different, 248 
percentage of, in an ore, determi* 

nation of, 246-248 
precipitation of, by galvanic action, 

116 
removal of, in zinc assays, 211 
volumetric assays of, 252-256 
Manipulations, mechanical, 19-82 
Mansfeld, refining copper in, 107 
Mariotte's bottle, 28, 29 
Mascazzini's process of assay of lead 

by gravimetric analysis, 99 
Matt, determination of nickel in, 194 
rich in copper, charges of, 103 
in iron, charges of, 103 
Matthey and Johnson's platinum appa- 
ratus, 173 
Measuring and weighing samples, 29- 
31 
assay liquid, 46-^7 
flasks, 46, 46 
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Mechanical assay of gold by washing, 
160 
manipulations, 19-32 
Mechernich, treatment of lead matt in, 

89 
Meidinger-Pinkus battery, 116 
Mercarial tetrahedrite, 228, 229 
Mercury, 228-232 

assays yielding free, 228-230 
fire assays of, 228-231 
gravimetric assay of, 231, 232, 238- 

240 
in combination with gold, assays 

for, 230, 231 
native, 228 
ores of, 228 
precipitation of, by galvanic action, 

116 
volumetric assays of. 232, 240, 241 
wet assays of, 231, 232, 238-241 
combined with the dry, 
239, 240 
Metallic oxides in cobalt, 199 
sulphides, method for, 39 

various, the quantities of 
litharge for their decompo- 
sition, 79 
Metals for precipitation in wet assays, 
83 
fusing points of, 276, 277 
Mexican charges, crucible assay of 

silver, 138, 139 
Microcosmic salt, 79 
Mimetene, 96 
Minium, 95 
Mint cupels, 147, 148 
Mispickel, 236 
Mixing fusion, 38 
Modified Swedish assay, 110 
Mohr's estimation of arsenious acid, 
240 
process of gravimetric analysis of 
lead, 99 
Moisture, determination of, in sample, 

26-27 
Muffle, 34 

Muffle-furnaces, 49-55- 
Munscheid's gas blast furnace, 61 
Murrle, distilling apparatus of, 42 
Miisen assay, 106, 107 
Myargyrite, 131 

Nagyagite, 159 

Neutral atmosphere, ignition in, 33 
New York, assay of galena in, 91 
Nickel, 182-198 
alloys, 184 

rich in cobalt, 184 
and cobalt, difiicult to separate 
from copper, 104 



Nickel and cobalt — 

ores, sulphurized and arsen- 
ized, 132 
nrseniate, 182 
coins, assay of, 121, 123 
compounds containing metallic sul- 
phides, 183 
free from copper, 183, 187 
from sulphur, and rich in 
arsenic, 184 
determination of, in pyrites and 

matt, 194 
fire assay of (Plattner's assay), 

182-190 
glance, 182 
non-precipitation of, by galvanic 

action, 116 
ore free from iron, 184 

indications of a proper assay, 
186 
of successful assay of, 1 86 
modifications of assay, 186 
precipitation of copper in, by 

galvanic current, 188 
separation of iron in, 196 
slagging off of the arsenical 

iron, 185 
volumetric assay of, with so- 

dium sulphide, 197 
wet assay, conditions giving 

inaccurate results, 197 
when much iron is present, 188 
with bismuth, 184, 185 
with large percentage of cop- 
per, treatment of, 188 
with lead, 184 
ores, 182 

arsenizing, 183 

and fusing, in one opera- 
tion, 185 
colorimetric assay, 198 
compounds of, containing an- 
timony, 189, 190 
difficult of solution, 189 
containing copper and lead, 

190 
containing sulphates not de- 
composed by roasting, 183 
cupriferous compounds of, 

187 
de-arsenizing of, by volatiliza- 
tion, 186 
electrolytic assay, 190 
gravimetric assay, 190 
reducing and solvent fusion 

of, 184 
rich in cobalt and refractory, 

184 
separation of cobalt in, 198 
of iron arseniate, 186 
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Nickel ores, separation — 

of nickel and cobalt in, 
195 
slagging off of cobalt, 186 

the cobalt iirsenifle, 1 86 
treatment of, with iron filings, 

184 
various assays of, 195 
wet assay of, 190-198 
with small percentage of cop- 
per, 187 
with zinc, 193 
Plattner's assay of, 182-190 
precipitation of with zinc, 115 
protoxide, 199 
silicates, 182 

solutions, ammoniacal, resistance 
offered to the galvanic current 
by, 192 
sulphide (raillerite), 182 
Nickeliferous iron, 182 
pyirhotine, 188 

solution from the a&sny with sul- 
phocyanide for determining cop- 
per in nickel coins, 196 
Nitric acid, boiling argentiferous gol<t 
in, 172, 174 
decomposition of lead assay, 

sample with, 95 
in copper solution, precipita- 
tion of, 128 
Nitro-muriatic acid (aqua repia) for 

decomposing lend ore with, 95 
Non-alloys, sampling, 19 

Object of the art of assaying, 17, 18 

Ochre, bismuth, 224 

Oker assay laboratory, methods of, 279- 

282 
Ore balance, 70 
Organic combustion furnaces, 63 

substances in presence of nitric 
acid with ammonia, tint of, 130 
Orpiraent, artificial, 238 
native yellow, 238 
red and yellow, assays for determi- 
nation of, 238 
Orsat's apparatus for examination of 

furnace gases, 269-272 
Oxidized copper ores, 100 

substances (lead), 95-97 
Oxidizing agents, 78 
fusion, 36, 37 

or reducing by means of standard 
solution, 44 

Palladium passing with silver into solu 
tion from its alloy with gold, 177 ! 

Parke's assay of copper with potassium '. 
cyanide, 124-127 . i 
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Patera's process for separating bismih. 
from lead, 225, 226, 227 
technical test for uranium, 242 
Pattison lead, 81 
Peat, composition of, 262 
Pelouze's copper assay, 44 

volumetric assay of copper, 124 
Percy, charges for oxidized lead 

according to, 96 
Perrot's furnace, heat attainable by, »- 

gas muffle-furnace, 54, 55 
Petroleum, furnaces using the vap 

of, 54 
Phosphates of copper, 100 
Pipettes, 46, 47 
Pitch blende, 241 

Platiniferous ores, assay of, 179, 180 
gold in, 179 
percentage of platinum in, 1 1 

180 
sand in, 179 
wet assay of, 180 
Platinum, 179-182 
alloys, 180-182 
dish, 119 

effect of, on the surface of aurif( 
ous button after it has been 
pelled, 176 
foil, 117 
gold and silver, with cupellati 

of, 181, 182 
gold with, cupellation of, 180, 1 
native, 179 
ores, 179 

silver with cupellation of, 181 
spiral, 117 
Plattner's assay of nickel, 182-190 
chlorination process, 165 
method for determination of te 

peratures, 277 
muffle-furnace, 51, 52 
process for nickel ores containin 
much iron, 188 
Plumbiferous black copper, refining b^i^ 
cupellation, 107 
ores, assay of, by Scbaffner's pro 
cess, 284-286 
Polybasite, 131 ^^ 

Poor ores with gangue, refining of, \0^^ 
Potassium carbonate, 76, 80 
cyanide, 77, 81 

assay of galena with, 89 
assay of tin with, 220 
Parkes's assay of copper with^ 
124-127 
ferrocyanide, 77, 81 

for zinc assays, 212, 213 
permanganate, determination of 
tin by, 223, 224 
Pourcel's method for ohromiam, 243 
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Precipitates, drying, 42 

igniting, 42 
Precipitating metals by electrolysis, 18 

or desulphurizing agents, 81 

with a standard solution, 44 

?recipitation assay of galena, 86 

of copper with iron, 111, 112 

of the solution, 40 
>ibram, assay of galena at, 91 
'rinsep's principle for determination of 

temperatures, 277 
^silomelane, 246 

Pulverized substances, sampling of, 21 j 
j'ulverizing the desiccated mass, 27 
j^ulverulent assay of auriferous silver, 

177, 178 
^urifying fusion, 37 
.^urple copper ore, 100 

charges of, 103 
^yrargyrite, 131 

i^yrites and matt, determination of 
nickel in, 194 

copper, charges of, 103 
treatment of, 102 

magnetic, 182 

poor in gold, 163 
'yrolusite, 246 

assays of, 246 
pyrometer, use of, 266 
*yromorphite, 96 

charge of, 96 
>yrostilbite, 232 

^uartation, 166 



tammelsbergite, ,182 
lammelsburg ores, assay of, 279 
smelting works, assay of, 94 
laschette's furnace, 61 
Law flux, 77 

Leagents for decomposing, 33 
for dry assays, 76 
for wet assays, 83 
Lealgar, assay of, 238 
Led lead ore, 243 
orpiment, 238 
Leducing agents, 76 

and solvent fusion of copper ores, 

102 
fusion, 87 

power, estimation of, 77, 78 
of various agents, 78 
Lefining alloys of copper, 109 
copper by cupellation, 107 
by fluxes, 104 
in Mansfeld, 107 
on the dish, with borax, 104 
oxidizing fusion, 104 
with lead and borax (Musen 
assay), 106 



Refining copper — 

with the blowpipe, 108 
without borax and lead, 106 
dishes, 65 

oxidized substances without sul- 
phur, 108 
poor ores with basic gangue, acid 
gangue, and basic and acid 
gangue, 109 
rich and poor slags, 109 
and very rich ores, 109 
Refractory ores, roasting, 86 
Remelting the sample, 38 
Retorts, 62, 63 
Rheinsand, 162 
Rhodium, effect of, on auriferous silver 

button, 176 
Rich and very rich copper ores, refining 
of, 109 
galena, assay of, 86-89 
Riche's process of assay of lead by 

gravimetric analysis, 100 
Richter's mode of determination of the 

coking quality of coal, 264 
Roasting, 32. 33 

and reducing assay for antimony, 

234 
of lead, 93, 94 

inaccuracy of, 
93, 94 
copper ores, 102 
dishes, 33, 34, 65 
process, 33-36 
Roll assay, drying and annealing the 
rolls, 174 
for argentiferous gold, 170-177 
washing the rolls, 174 
weighing the rolls, 175 
Root's blower, 60 
Rose's crucible, 121, 122 

method of treating ores of mer- 
cury, 229 
process for bismuth ores, 226 
Rossler, on the loss of gold in cupel- 
ling, 175, 176 
Rothenbach smelting works, process of 

refining copper at, 108 
Ruby silver, 131 
Rumford, 266 

Salt, common, 82 

of phosphorus, 79 
Saltpetre, 78-81 
Salts of lead oxide, 96 
Sample, charging the, 31 

preparation of the, 25-29 

pulverulent, weighing, 80 
Samples by rasping, 20 

from the heap, 19 

measuring and weighing, 29-31 
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of goldsmiths' sweepings, 22 
slag, 20 

taken while the ore is being 
weighed, 20 
mpling, 19-26 
alloys, 28-25 
before weighing, 22 
by boring, 24 
by cutting, 23 
by dipping, 24 
by dropping the ore, 21 
by granulation, 24, 25 
by the crossing method, 20, 21 
small ore and pulverized sub- 
stances, 21 
substances in a state of fusion, 22 
while weighing, 21 
Saturating a base, 44 
Saxon assay of tin, 215 
Scale, rough, for weighing, 70 
Schaffner's assay of zinc, 44 

with sodium sulphide, 207 
-212 
as modified by 
Brunnlechner, 
282-28G 
Scheibler's steam apparatus, 2G 
Schemnitz charcoal furnaces, 58, 54 
Schlosing's furnace, 60 
Schober's volumetric assay of zinc, 

213 
Schulze's washing apparatus, 28 
Schwackhoifer's apparatus for examin- 
ing gas, 272 
Schwarz's volumetric assay of copper, 

124 
Scorification assay for g6ld, 161 
of silver, 132-137 
or calcining vessels, 65 
Scorifying, small losses in assaying sil- 
ver by, 144 
Sefstrom's furnace, 61 
Selenium, precipitation of, by galvanic 

action, 116 
Separation of auriferous silver grains 

from samples of ores, 178 
Siemens' electric pyrometer, 266 
Sifting samples, 27 
Silbermann's investigations in regard tu 

heating power of carbon, 266 
Silver. 181-169 

alloys, dry assays of, 146-160 
hydrostatic assay for, 169 
wet assays for, 160-168 
method for, 146 
amalgam, 146 

and gold alloys with or without 
copper, 1 66 
in lead, 87 



Silver and gold — 

sweepings, emcible assay 

of, 189, 140 
with platinum, onpellation 
of, 181, 182 
and lead assay combined, 140, 1^ 
determination of percent- 
age of, 227 
antimonial, 181 
assays, accuracy of, 143, 144 
Balling's volumetric assay for, 144, 

145 
bromide, 131 
charges for scorification assay in. 

different localities, 137 
charges of, for crucible assays ii 

various countries, 138-140 
chloride in copper, removal of. 

Ill 
crucible assay of, 187-140 
cupreous, 82 

assay of, 147-160 
determination of percentage of, bj 

preliminary assay, 147 
fine, 147 

fire assays for, 132-144 
for alloying with gold, 82 
glance, 131 

gravimetric analysis for, 168 
horn, 131 
iodide, 131 
loss in assaying, 144 
Lower Harz working assay of, 281 
native, 131 

non*-alloys of, assays for, 131-145 
number of samples of, for ecorifiea' 

tion assay, 133 
ore, brittle, 131 
ores, 131 
precipitation of, by galvanic action, 

116 
preparation of pure, 82 
removal of, in zinc assay, 211 
ruby, 131 

scorification assay of, 132-137 
table of charges for scorificatif 

assay, 133-136 
telluride 131 
Upper Harz, 23 
wet assays for, 144, 145 
with lead, collecting, 132-141 
with platinum, cupellation of. 
Sire's apparatus, 162-154 
Skimmings and dross silver, 141 
Slag from charcoal iron furnaces, 

samples, 20 
Slags, rich and poor, refining of 
silver, crucible assay of, 1' 
Small ore and pulverized sub 
sampling of, 21 
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>malt assay, 199 

object of, 200, 201 
Jmaltine, 198 
Smithsonite, 202 
Soapstone crucibles, 67 
^oci^t^ genevoise, furnace of, 54 
^odium-ammoDiuDi-hydrogen phos- 
phate. 79 
carbonate, 80 
chloride. 82 

for silver assay, 151 
sulphide, assay of zinc ores with, 
207-212 
in zinc assay, 210 
Yolumetrio assay of nickel ore 
with, 197 
olution, 45 

empirical, 45 
evaporation of, 89 
precipitation of, 40 
preparation of the standard, 45 
olutions, assay, preparation of, 151, 
155 
decinormal, 45 
normal, 45 

verification of, 45 
olvent agents, 79, 80 
ipain, charge of silver, crucible assay, 
139 
patula, 31, 34, 35 
ipirit lamp, 42, 43 
ttephanite, 131 
Itibnite, 232 

•tohmann'ssiphon pipette, 46 
Itorer's process of assay of lead by 

gravimetric analysis, 99 
Itromeyerite, 131 
lublimation, 38 

and distillation, furnaces for, 61, 62 
ubstances in a state of fusion, sam- 
pling, 22 
in fragments, sampling, 19, 20 
ulphide of iron, 132 

of zinc, 132 
iulphides, metallic, treatment of, 261, 
262 

ulphocyanide, assay of copper with, 
122-124 
of silver with, 156-158 
for nickel assay, 196 
ulphur, 81, 256-262 

assays by distillation, 257 

for the determination of the 
quantity of, in a substance, 
258-262 
dry assay (raw matt assay) of, 

258 
earths, 256 

assays of, 257 
gold with, 162-164 



Sulphur — 

gravimetric assay of, 259, 260 

in coal or its ash, determination 

of, 265 
indicators for final reaction of, 261 
Lower Harz working assay of, 282 
native, 256 
ores, 256 

process for determining small quan- 
tities of, in iron ores and manu- 
factured iron, at Creuzot, 260 
volumetric assays of, 260-262 
wet assays of, 259-262 
Sulphuretted copper ores, 100 
Sulphuric acid, accuracy of assay of 
lead with, 94, 95 
assay of lead with, 94, 95 
Sulphurized bismuth ores, 225, 226 

substances, 86 
Sulphurizing agents, 81 
Swansea, assay of copper slag at, 130 
Swedish assay for copper, 110 

modified, 110 
Sweepings, gold and silver, crucible as- 
say of, 139, 140 
goldsmiths' Samples of, 22 
Sylvanite, 159 

Tabular synopses, 275-277 
Tamm's process for bismuth ores, 226 
for preparing manganese car> 
bide, 246 
Tarnowitz, treatment of lead matt in, 89 
Tellurium, white, 159 
Tetrahedrite, 100, 224 
charges of, 103 
treatment of, 102 
Tin, 214-224 

assays, how more accurate results 
may be attained in volumetric 
assays, 223 
charges of, 216 
comparative accuracy of Cornish 

and German assays of, 220 
Cornish assay of, 219, 220 
determination of, by means of 
iodine, 222, 223 
of, by means of potassium per- 
manganate, 223, 224 
of, by washing in Cornwall, 
215 
fire assays of, 215, 221 

of, object of, 215 
Qerman assay of, 216 
gravimetric assays of, 221, 222 
in copper, removal of, HI 
in separate grains, treatment of, 

218 
LevoFs assay of, with potassium 
cyanide, 220 
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Tin- 
losses of, by Germnn and Cornish 

methods, 215 
ore containing earthy admixtures, 
treatment of, 217 
foreign metallic sulphides, 
arsenides, and antimo 
nides, treatment of. 217 
slags, treatment of, 218, 219 
ores, 214 

oxide combined with silicate, treat- 
ment of, 218, 219 
reducing, 215 
slagging off of, 217, 218 
Saxon assay of, 215 
volumetric assays of, 222 
wet assays of, 221-224 
with copper gives refractory oxides 
and sings, 104 
Tinstone, 214 

and metals in combination with, 

specific gravities of, 217 
determination of, by washing, 214, 

215 
digesting, in ^qua regia, 221 
Titrating, burettes for, 47, 48 
Tookey, use of- platinum tube by, 173 
Tools and implements, 72-75 
Touchstone, examination of alloy in, 
107 

Ullgreen on the separation of bismuth 

and lead, 227 
Upper Ilarz, m^sny of galena, 80, 02 

in, with potnssium 
ciirbonate, 92, 98 
crucibles, for lead smelting, 05 
Uranium, 241-24-3 

analytical process for, 241 
gravimetric assays, 241, 242 
ores, 241 

Patera's technical test for, 242 
volumetric assay of, 242, 248 
wet assays of, 241 
Uranous oxide, treatment of, 243 

Valentenite, 282 
Vanning trough, 29 
Varvicite, 240 
Vessels, assay, 64-70 

for the wet method, 09, 70 

for colorimetric analysis, 70 

glass, 09 

of bone-ash, 07, 68 

porcelain, 09 

taking, from the furnace, 57 

with feet, 07 

without feet, 65-67 
Volatile products in fuel, determination 
of, 204 



Volatilizing fluxes, 82 
Volbard's assay with sulpho-oyanide, 
156-168 
volumetric assay of copper, 124 
Volumetric analysis, 17 

assays by, 43-49 
assay of nickel ore with sodium 

sulphide, 197 
assays, advantages of, 18 

for silver alloys, 151-158 
of copper, no, 124-128 
reagents for, 83 
processes for lead, 100 

Wad, 246 

Wagner, on the decompositioQ of ores 

with bromine, 165 
Wales, treatment of lead matt in, 89 
Washing samples, 28, 29 
Water in various fuels, 263 
Water-baths for drying samples, 26 
Weighing and measuring samples, 29- 
31 
a pulverulent sample, 30 
the button, 81 
Weights and balances, 70, 71 
Weil's volumetric assay of copper, 124 
Welch's furnace, 60 
Welter's law, 206 
Wet assays, 110 

of copper, 110-130 
of gold, 105 
of lead. 9^-100 
of platiniferous ores, 180 
of silver, 144, 145 
reagents for, 83 
method, 17 

operation by, 38-49 
White flux, 77 

tellurium, 159 
Wiessnegg's gas furnace, 60 
Willemite, 202 

Wind furnaces for free burning coal, 58 
for illuminating gas, 58 
or draught furnaces, 55-60 
Woody fibre, composition of, 262 
Working assays, Lower Ilarz, 279-282 
Woulff bottle, 237 
Wrought-iron vessels, 07 
Wulfenite, 90 

Yellow lead ore, 96 
orpiment, 238 

Zinc, 202-213 

and iron in lead, 87 
assay, indicators for final reaction, 
209 
quantity of hydrated ferric 
oxide in, 210 
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inc assay — 

Schaffner's, points to be ob- 
served in, 207 
Yolume of liquid in, 210 
assays, admixtures having a dis- 
turbing effect to be removed, 211 
blende, 202 

with galena, 93 
bloom, 202 
carbonate, 202 
determination of, as zinc sulphide, 

204, 205 
dissolving of, with hydrochloric 

acid, 114 
in copper gives refractory oxides 

and slags, 104 
in nickel ores, 193 
Lower Harz assay of, 281 
non-precipitation of, by galvanic 

action, 1 16 
ore, determination of zinc as zinc 
oxide, 206 
galvanic assay, 200, 207 
Sbaffner's assay with sodium 

sulphide, 207-212 
volumetric assays of, 207-213 
with copper, 207 



Zinc — 

ores, 202 

assay of, with potassium ferro- 

cyanide, 212, 213 
copper in, 208 
distillation assay, 202, 203 
dry assays, 202-204 
gravimetric assay of, 204 
indirect assay, 203, 204 
oxidized, 208 

Scbaffner's assay, in presence 
of metals soluble in ammo-4 
nia, 208 
wet assays, 204-213 
oxide, determination of, 206 
precipitation of copper with, 114, 

115 
pure, for fixing the standard solu- 
tion, 212 
Schaffner's and Brunnlechner's 

assay of, 282-286 
Schober's volumetric assay of, 213 
silicate, 202 

sulphide, determination of, 204- 
206 
Zinkite, 202 
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ABLOT.— A Complete Guide for Coach Painters. 

Translated from the French of M. Arlot, Coach Painter ; for eleven 
years Foreman of Painting to M. Eherler, Coach Maker, Paris. By 
A. A. Fesquet, Chemist and Engineer. To which is added an Ap- 

ggndix, containing Information respecting the Materials and the 
ractice of Coach and Car Painting and Varnishing in the United 
States and Great Britain. 12mo 31*25 

ABMENGAUD, AMOROUX, and JOHNSON.— The 
Practical Draughtsman's Book of Industrial De- 
sign, and Machinist's and Engineer's Drawing 
Conipanion : 

Forming a Complete Course of Mechanical Engineering and Archi- 
tectural Drawing. From the French of M. Armengaud the elder, Prof, 
of Design in the Conservatoire of Arts and Industry, Paris, and MM. 
Armengaud the younger^ and Amoroux, Civil Engineers. Rewritten 
and arranged with additional matter and plates, selections from and 
examples of the most useful and generally emploved mechanism of 
the day. By William Johnson^ Assoc. Inst. C. fe., Editor of " The 
Practical Mechanic's Journal." Illustrated by 60 folio steel plates, 
and 50 wood-cuts. A new edition, 4to. .... $10.00 
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ABBOWSMITH.— Paper-Hanger's Companion : 

A Treatise in which the Practical Operations of the Trade are Sys-- 
tematically laid down : with Copious Directions Preparatory to Paper- 
ing ; Preventives against the Lftect of Damp on Walls ; the Various 
Cements and Pastes Adapted to the Several Purposes of the Trade ; 
Observations and Directions for the Panelling and Ornamenting of 
Rooms, etc. By James Arrowsmith, Author of "Analysis of Dra- 
pery," etc. 12mo., cloth $1.25 

ASHTON.— The Theory and Practice of the Art of De- 
signing Fanny Cotton and Woollen Cloths firom 
Sample : 

Giving full Instructions for Reducing Drafts, as well as the Methods 
of Spooling and Making out Harness for Cross Drafts, and Finding 
any Required Reed, with Calculations and Tables of Yarn. By 
Frederick T. Asiiton, Designer, West Pittsfield, Mass. With 62 
Illustrations. One volume, 4to $10.00 

BAIB'D.— Letters on the Crisis, the Currency and the 
Credit System. 
By Henry Carey Baird. Pamphlet 05 

BAIB.D.~Frot^ction of Home Labor and Home Pro- 
ductions necessary to the Prosperity of the Ameri- 
can Farmer. 
By Henry Carey Baird. 8vo., paper lO 

BAIRD.— Some of the PaUacies of British Pree-Trade 
Revenue Reform. 

Two Letters to Arthur Latham Perry, Professor of History and Politi- 
cal Economy in Williams College. By Henry Carey Baird. 
Pamphlet 05 

BAIRD.— The Rights of American Producers, and the 
Wrongs of British Pree-Trade Revenue Reform. 
By Henry Carey Baird. Pamphlet 05 

BAIRD.— Standard Wages Computing Tables : 

An Improvement in all former Methods of Computation, so arranged 
that wages for days, hours, or fractions of hours, at a specified rate per 
dayor hour, may be ascertained at a glance. By T. Spangler Baird. 
Oblong folio $5.00 

BAIRD.— The American Cotton Spinner, and Mana- 
ger's and Carder's Guide : 

A Practical Treatise on Cotton Spinning ; giving the Dimensions and 
Speed of Machinery, Draught and Twist Calculations, etc. ; with 
notices of recent Improvements : together with Rules and Examples 
for making changes in the sizes and numbers of Roving and Yarn. 
Compiled from the papers of the late Robert H. Baird. 12mo. $1.50 
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BAS[EB.— liOng-Span Railway Bridges : 

Comprising Investigations of the Comparative Theoretical and Pra^ 
tical Advantages of the various Adopted or Proposed Type Systems 
of Construction ; with numerous Formulae and Tables. By B. Baker. 
12mo. 12.00 

B AUEBMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By H. Baueiiman, F. G. S., Associate of the 
Royal School of Mines. First American Edition, Revised and En- 
larged. With an Appendix on the Martin Process for Making Steel, 
from the Report of Abram S. Hewitt, U. S. Commissioner to the 
Universal Exposition at Paris, 1867. Illustrated. 12mo. . $2.00 

BEANS.— A Treatise on Bailway Curves and the Loca* 
tion of Railways. 

By K W. Beans, C. E. Illustrated. 12mo. Tucks. . . $1.60 
BELL.— Carpentry Made Easy : 

Or, The Science and Art of Framing on a New and Improved System. 
With Specific Instructions for Building Balloon Frames, Barn Frames, 
Mill Frames, Warehouses, Church Spires, etc. Comprising also a 
System of Bridge Building, with Bills, Estimates of Cost, and valuable 
Tables. Illustrated by 38 plates, comprising nearly 200 figures. By 
William E. Bell, Architect and Practical Builder. 8vo. . $5.00 

BELL.— Chemical Phenomena of Iron Smelting : 

An Experimental and Practical Examination of the Circumstances 
which determine the Capacity of the Blast Furnace, the Temperature 
of the Air, and the proper (Condition of the Materials to be operated 
upon. By I. Lowthian Bell. Illustrated. 8vo. 

BEMROSE.— Manual of Wood Carving : 

With Practical Illustrations for Learners of the Art, and Original and 
Selected Designs. By William BemrosEj Jr. With an Introduction 
by Llewellyn Jewitt, F. S. A., etc. With 128 Illustrations. 4to., 
cloth $3.00 

BICKNELL.— Village Builder, and Supplement : 

Elevations and Plans for Cottaces, Villas, Suburban Residences, 
Farm Houses, Stables and Carriage Houses. Store Fronts, School 
Houses, Churches, Court Houses, and a model Jail ; also. Exterior and 
Interior details for Public and Private Buildinsrs, with approved 
Forms of Contracts and Specifications, including Prices of Building 
Materials and Labor at Boston, Mass., and St. Louis, Mo. Containing 
75 plates drawn to scale; showing the style and cost of building in 
different sections of the country, being an original work comprising 
the designs of twenty leading architects, representing the New Eng- 
land, Middle, Western, and Southwestern States. 4to. . $10.00 
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BLENKAB.N.— Practical Specifications of Works exe- 
cuted in Architecture, Civil and Mechanical Engi- 
neering, and in Boad Making and Sewering : 

To which are added a series of practically useful Agreements and Re- 
ports. By John Blenkarn. Illustrated by 15 large folding plates. 
8vo. $9.00 

BLINN.— A Practical Workshop Companion for Tin, 
Sheet-Iron, and Copperplate Workers : 

Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron, and Copper-plate Workers; Practical Geometry; 
Mensuration of Surfaces and Solids ; Tables of the Weights of Metals, 
LeBul Pipe, etc. ; Tables of Areas and Circumferences of Circles ; 
Japan, \arnishes, Lackers, Cements, Compositions, ttc., etc. By 
Lkroy J. BUNN, Master Mechanic. With over 100 Illustrations. 
12mo $2.50 

BOOTH.— Marble Worker's Manual: 

Containing Practical Information respecting Marbles in general, their 
Cutting, Working, and Polishing; \eneenng of Marble; Mosaics; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc. Translatetl from the French by M. L. Booth. 
With an Appendix concerning American Marbles. 12mo., cloth. $1.50 

BOOTH AND MORFIT.— The Encyclopedia of Che- 
mistry, Practical and Theoretical : 

Embracing its application to the Arts, Metallurgy, Mineralogy, Ge^ 
ology, Medicine, and Pharmacy. By James C. Booth, Melter and 
Refiner in the United States Mint, Ptofessor of Applied Chemistry in 
the Franklin Institute, etc., assisted by Campbell Morfit, author 
of " Chemical Manipulations," etc. seventh edition. Royal Svo., 
978 pages, with numerous wood-cuts and other illustrations. ' . $5.00 

BOX.— A Practical Treatise on Heat: 

As applied to the Useful Arts ; for the Use of Engineers, AichitectSy 
etc. By Thomas Box, author of " Practical Hydraulics." Illustrated 
by 14 plates containing 114 figures. 12mo. . ' . . . $5.00 

BOX.— Practical Hydraulics : 

A Series of Rules and Tables for the use of Engineers, etc By 
Thomas Box. 12mo $2.0d 

BROWN.— Five Hundred and Seven Mechanical 
Movements : 

Embracing all those which are most important in Dynamics, Hydran* 
lies, IIyd^ost-'^tici^ Pneumatics, Steam Engines, Mill and other Gear- 
ing, Presses, Horology, and Miscellaneous Machinery ; and indudiiig 
many movements never before published, and sseveml of which have 
oniv' recently come into use, Bv Hexry T. Browx, Editor of the 
" American Artisan." In one voiome, 12ma . . $lJOKt 
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BUCKMASTER.— The Elements of. Mechanical Phy- 
sics: 

By J, C. BucKMASTER, late Student in the Government School of 
Mines ; Certified Teacher of Science bv the Department of Science 
and Art ; Examiner in Chemistry and rhysics in the Royal College 
of Preceptors ; and late Lecturer in Chemistry and Physics of the 
Royal Polytechnic Institute. Illustrated with numerous engravings. 
In one volume, 12mo . . . $1.50 

BULLOCK.— The American Cottage Builder : 

A Series of Designs, Plans, and Specifications, from $200 to $20,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting, and Landscape Gardening. By John Bullock, 
Architect, Civil Engineer, Mechanician, and Editor of " The Rudi- 
ments of Architecture and Building," etc., etc. Illustrated by 75 en- 
gravings. In one volume, 8vo $3.50 

BULLOCK. — The B.udiments of Architecture and 
Building : 

For the use of Architects, Builders, Draughtsmen, Machinists, Engi- 
neers, and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated by 250 engravings. In one 
volume, 8vo $3.50 

BUB.GH.— Practical Illustrations of Land and Marine 
Engines : 

Showing in detail the Modern Improvements of High and I^w Pres- 
sure, Surface Condensation, and Super-heating, together wit a Land 
and Marine Boilers. By N. P. BuRGH, Engineer. Illustrfted by 
20 plates, double elephant folio, with text . . . . $21.00 

BURGH.— Practical Rules for the Proportions Ox Mo- 
dern Engines and Boilers for Land and Marine 
Purposes. 
By N. P. Burgh, Engineer. 12mo $1.66 

BURGH.— The Slide- Valve Practically Considered. 

By N. P. Burgh, Engineer. Completely illustrated. 12mo. $2.00 

BYLES.— Sophisms of Free Trade and Popular Politi- 
cal Economy Examined. 

By a Barrister (Sir John Barnard Byles, Judge of Common 
Pleas). First American from the Ninth English Edition, as published 
by the Manchester Reciprocity Association. In one volume, 12mo. 

$1.25 

BYRN.— The Complete Practical Brewer : 

Or Plain, Accurate^ and Thorough Instructions in the Art of Brewing 
Beer, Ale, Porter, including the Process of making Bavarian Beer, 
all the Small Beers, such as Root-beer, Ginger-pop, Sarsaparilla- 
beer. Mead, Spruce Beer, etc., etc. Adapted to the use of Public 
Brewers and Private Families. By M. La Fayette Byrn, M D. 
With illustrations. 12mo. ...•••• |1.25 
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B YKN.— The Complete Practical Distiller : 

Comprising the most perfect and exact Theoretical and Practical De- 
scription of the Art ot Distillation and Rectification ; including all of 
the most recent improvements in distilling apparatus; instructions 
for prei)aring spirits from the numerous vegetables, fruits, etc. ; direc- 
tions for the distillation and preparation of all kinds of brandies and 
other spirits, spirituous and other compounds, etc., etc. By M. La 
Fayette Byrn, M. D. Eighth Edition. To which are added. Prac- 
tical Directions for Distilling, from the French of Th. Fling, Brevrer 
and Distiller. 12mo $1.50 

BYKNE.— Handbook for the Artisan, Mechanic, and 
Engineer : 

Comprising the Grinding and Sharpening of Cutting Tools, Abrasive 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishing 
and Lackering, Apparatus, Materials and Processes for Grindipg and 
Polishing, etc. By Oliver Byrne. Illustrated by 185 wood en- 
gravings. In one volume, 8vo $5.00 

BYBNE.— Pocket Book for Railroad and Civil Engi- 
neers : 

Containing New, Exact, and Concise Methods for Laying out Rail- 
road Curves, Switches, Frog Angles, and Crossings; the Staking 
out of work ; Levelling ; the Calculation of Cuttings ; Embankments ; 
Earth-work, etc. By Oliver Byrne. 18mo., mil bound, pocket- 
book form $1.75 

BYRNE.— The Practical Model Calculator : 

For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Architect, Miner, and Millwright. By OLIVER Byrne. 1 volume, 
8vo., nearly GOO pages $4.50 

BYRNE.— The Practical Metal- Worker's Assistant: 

Comprising Metallurgic Chemistry ; the Arts of Working all Metals 
and Alloys ; Forging of Iron and Steel ; Hardening and Tempering 
Melting and Mixing ; Casting and Founding ; Works in Sheet Metal 
The Processes Dependent on the Ductility of the Metals ; Soldering 
and the most Improved Processes and Tools employed by Metal 
Workers. With tne Application of the Art of Electro-Metallurgy to 
Manufacturing Processes ; collected from Original Sources, and from 
the Works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
ScofFern, Clay, Fairbairn, and others. By Oliver Byrne. A new, 
revised, and improved edition, to which is added An Appendix, con- 
taining The Manufacture of Russian Sheet-Iron. By John 
Percy, M. D., F.K.S. The Manufacture of Malleable Iron 
Castings, and Improvements in Bessemer Steel. By A. A. 
Fp:wSQUET, Chemist and Engineer. With over 600 Engravings, illus- 
trating every Branch of the Subject. 8vo $7.00 

Cabinet Maker's Album of Furniture : 

Comprising a Collection of Designs for Furniture. Illustrated by 48 ) 
Large and Beautifully Engraved Plates. In one vol., oblong $3.50 I 
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CAIiLINGHAM.— Sign Writing and Glass Emboss- 
ing: 

A Complete Practical Illustrated Manual of the Art. By James 
Callingham. In one volume, 12mo $1.50 

CAMFIN.— A Practical Treatise on Mechanical Engi- 
neering : 

Comprising Metallurgy, Moulding, Casting, Forging, Tools. Work- 
shop Machinery, Mechanical Manipulation, Manufacture of Steam- 
engmes, etc., etc. With an Appenaix on the Analysis of Iron and 
Iron Ores. By Francis Campin, C. E. To which are added, Obser- 
vations on the Construction of Steam Boilers, and Remarks upon 
Furnaces used for Smoke Prevention ; with a Cnapter on Explosions. 
By R. Armstrong, C. E., and John Bourne. Rules for Calculating 
the Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hardening, Tempering, Annealing, Shrinking, and Ex- 
pansion. And the Case-nardening of Iron. By G. Ede. 8vo. Illus- 
trated with 29 plates and 100 wood engravings . . . $6.00 

CAMPIN.— The Practice of Hand-Tnrning in Wood, 
Ivory, Shell, etc. : 

With Instructions for Turning such works in Metal as may be r©- 
auired in the Practice of Turning Wood, Ivory, etc. Also, an Appen- 
dix on Ornamental Turning. By Francis Campin ; with Numerous 
Illustrations. 12mo., cloth $2.00 

CAREY.— The Works of Henry C. Carey : 

FINANCIAL CRISES, their Causes and EfTects. 8vo. paper . 25 

HARMONY OF INTERESTS: Agricultural, Manufacturing, and 
Commercial. 8vo., cloth $1.50 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's " Prin- 
ciples of Social Science." By Kate McKean. 1 vol. 12mo. $2.25 

MISCELLANEOUS WORKS : comprising " Harmony of Interests," 
"Money," "Letters to the President," ^* Financial Crises," "The 
Way to Outdo England Without Fighting Her," "Resources of 
the Union," "The Public Debt," "Contraction or Expansion?" 
"Review of the Decade 1857-67," "Reconstruction," etc., etc. 
Two vols., 8vo., cloth 

PAST, PRESENT, AND FUTURE. 8vo $2.50 

PRINCIPLES OF SOCIAL SCIENCE. 3 vols., 8vo., cloth $10.00 

THE SLAVE-TRADE, DOMESTIC AND FOREIGN ; Why it Ex- 
ists, and How it may be Extinguished (1853). 8vo., cloth . $2.00 

LETTERS ON INTERNATIONAL COPYRIGHT (1867) . 50 

THE UNITY OF LAW : As Exhibited in the Relations of Physical, 
Social, Mental, and Moral Science (1872). In one volume, 8vo., 
pp. xxiii., 433. Cloth $3.50 

CHAPMAN.— A '!^reatise on Ropemaking : 

As Practised in private and public Rope yards, with a Description 
of the Manufacture, Rules, Tables of Weights, etc., adapted to the 
Trades, Shipping, Mining, Railways, Builders, etc. By Robert 
Chapman. 24mo $1.50 
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COLBURN.— The Locomotive Engine : 

Including a Description of its Structure, Kules for Estimating its Capa- 
bilities, and Practical Observations on its Construction and Manage- 
ment. By Zerau Colburn. Illustrated. A new edition. 12mo. *1.2o 

CKAIK. — The Practical American Millwright and 
MiUer. 

By David Craik, Millwright. Illustrated by numerous wood en- 
f gravings, and two folding plates. 8vo $5.00 

D£ GRAFF.— The Geometrical Stair Builders' Guide: 

Being a Plain Practical System of Hand-Railing, embracing all its 
necessary Details, and Geometrically Illustrated by 22 Sieel Engrav- 
ings ; together with the use of the most approved principles of Prac- 
tical Gtiometry. By Simon De Gbaff, Architect. 4to. . $5.00 

DE KONINCK.—DIETZ.— A Practical Manual of Che- 
mical Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Steel, as found in Commerce. By L. L. De KoK- 
INCK, Dr. Sc, and E. Dietz, Engineer. Edited with Notes, by Robert 
Mallet, F.R.S., F.S.G., M.I.C.E., etc. American Edition, Edited 
with Notes and an Appendix on Iron Ores, by A. A. Fesquet, Chemist 
and Engineer. One volume, 12mo. $2.50 

DUNCAN.— Practical Surveyor's Guide: 

Containing the necessary information to make any person, of common 
capacity, a finished land surveyor without the aid of a teacher. By 
Andrew Duncan. Illustrated. 12mo., cloth. . . . $1.25 

DTTPLAIS.— A Treatise on the Manufacture and Dis- 
tillation of Alcoholic Iiiquors : 

Comprising Accurate and Complete Details in Regard to Alcohol from 
Wine, Molasses, Beets, Grainj Rice, Potatoes, Sorghum, Asphodel, 
Fruits, etc. ; with the Distillation ana Rectification of Brandy, Whis- 
key, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aromatic Wa- 
ters, Volatile Oils or Essences, Sugars, Syrups, Aromatic Tinctures, 
Liqueurs, Cordial Wines, Effervescing Wines, etc., the Aging of Brandy 
and the Improvement of Spirits, witn Copious Directions and Tables 
for Testing and Reducing Spirituous Liquors, etc., etc. Translated 
and Edited from the French of MM. Duplais, Ain6 et Jeune. By 
M. McKennie, M.D. To which are added the United States Internal 
Revenue Regulations for the Assessment and Collection of Taxes on 
Distilled Spirits. Illustrated by fourteen folding plates and several 
wood engravings. 743 pp., 8vo $10.00 

DXJSSATJCE.— A General Treatise on the Manufacture 
of Every Description of Soap : 

Comprising the Chemistry of the Art, with Remarks on Alkalies, Sa- 

fouifiable Fatty Bodies, the apparatus necessary in a Soap Factory. 
Practical Instructions in the manufacture of the various kinds of Soap, 
the assay of Soaps, etc., etc. Edited from Notes of Larme, Fontenello, 
Malapayre, Dufour, and others, with large and important additions by 
Prof. jB. DussAUCE, Chemist Illiistiratra. In one rol., 8yo. . $25.00 
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DUSSAUCE.— A General Treatise on the Manufacture 
of Vinegai' : 

Theoretical and Practical. Comprising the various Methods, by the 
Slow and the (^uick Processes, with Alcohol, Wine, Grain, Malt, Cider, 
Molasses, and Beets ; as well as the Fabrication of Wood Vinegar, etc., 
etc. By Prof. H. Dussauce. In one volume, Svo, . , $5.00 

PUSSAUCE.— A New and Complete Treatise on the 
Arts of Tanning, Currying, and Iieather Dressing : 

Comprising all the Discoveries and Improvements made in France, 
Great Britain, and the United States. Edited from Notes and Docu- 
ments of Messrs. Sallerou, Grouvelle, Duval, Dessables, Labarraque, 
Payen, Ren6, De Fontenelle, Malapeyre, etc., etc. By Prof. H. Dus- 
£AUC£, Chemist. Illustrated by 212 wood engravings. 8vo. $26.00 

PUSSAUCE.— A Practical Guide for the Perfumer : 

Being a New Treatise on Perfumery, the most favorable to the Beauty 
without being injurious to the Health, comprising a Description of the 
substances used in Perfumery, tlie Formulas of more than 1000 Prepa- 
rations, such as Cosmetics, Perfumed Oils, Tooth Powders, Waters, 
Extracts, Tinctures, Infusions, Spirits, Vinai^res, Essential Oils, Pas- 
tels, Creams, Soaps, and many new Hygienic Products not hitherto 
described. Editea from Notes and Documents of Messrs. Debay, Lb- 
nel, etc. With additions by Prof, H. DusSAUCE, Chemist 12mo. 

DUSSAUCE.— Practical Treatise on the Fabrication 

of Matches, Gun Cotton, and Fulminating Powders. 

By Prof H. Dussauce. 12mo. ,.».,.. $3.00 

Dyer and Color-maker's Companion: 

Containing upwards of 200 Receij)ts for making Colors, on the most 
approved principles, for all the various stj^les and fabrics now in exist- 
ence ; with the Scouring Process, and plain Directions for Preparing, 
Washing-off, and Finishing the Goods. In one vol., 12mo. . $1.25 

EASTOW.— A Practical Treatise on Street or Horse- 
power Railways. 
By Alexander Easton, C.E. Illustrated by 23 plates. 8vo., 
cloth $3.00 

ELDER.— Questions of the Day: 

Economic and Social. By Dr. William Elder. 8vo. . $3.00 

FAIRBAIRW.— The Principles of Mechanism and Ma- 
chinery of Transmission : 

Comprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportions of Shafts, Coupling of Shafts, and Engaging 
and Disengasfing Gear. By Sir William Fairbairn, C.E., LL.D., 
F.R.S., F.G.S. Beautifully illustrated by over 150 wood-cuts. In 
one volume, 12mo $2.60 

FORSYTH.— Book of Designs for Headstones, Mural, 
and other Monuments : 
Containing 78 Designs. By James Forsyth* With an Introduction 
by Charles Boutell, M. A. 4to., cloth. .... $5.00 
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GIBSON.— The American Dyer: 

A Practical Treatise on the Coloring of Wool, Cotton, Yam and 
Cloth, in three parts. Part First gives a descriptive account of the 
Dye Stuffs ; if of vegetable origin, where produced, how cultivated, 
and how prepared for use ; if chemical, their composition, specific 
gravities, and general adaptability, how adulterated, and how to de- 
tect the adulterations, etc. Part Second is devoted to the Coloring of 
Wool, giving recipes for one hundred and twenty-nine different colors 
or shades, and is supplied with sixty colored samples of Wool. Part 
Third is devoted to tne Coloring of Raw Cotton or Cotton Waste, for 
mixing with Wool Colors in the Manufacture of all kinds of Fabrics, 
gives recipes for thirty -eight different colors or shades, and is supplied 
with twenty-four colored samples of Cotton Waste. Also, recipes for 
Coloiing Beavers, Doeskins, and Flannels, with remarks upon Ani« 
lines, giving recipes for fifteen different colors or shades, and nine 
samples of Aniline Colors that will stand both the Fulling and Scour- 
ing process. Also, recipes for Aniline Colors on Cotton Thread, and 
recipes for Common Colors on Cotton Yarns. Embracing in all over 
two hundred recipes for Colors and Shades, and ninety-four samples 
of Colored Wool and Cotton Waste, etc. By Richard H. Gibson, 
Practical Dyer and Chemist. In one volume, 8vo. . . $6.00 

GIIiBABT.— History and Principles of Banking : 

A Practical Treatise. By James W. Gilbart, late Manager of the 
London and Westminster Bank. With additions. In one volume, 
8vo., 600 pages, sheep ' . . $5.00 

Gothic Album for Cabinet Makers : 

Comprising a Collection of Designs for Gothic Furniture. Illustrated 
by 23 large and beautifully engraved plates. Oblong . . $2.00 

GRANT. — Beet-root Sugar and Cultivation of the 
Beet. 
By E. B. Grant. 12mo $1.25 

GREGORY.— Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates, cloth $3.0fl 

GRISWOLD.— Railroad Engineer's Pocket Compan- 
ion for the Field : 

Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary Tables for Engi- 
neers ; also the art of Levelling from Preliminary Survey to the Con- 
struction of Railroads, intended Expressly for the Young Enrineer, 
together with Numerous Valuable Rules and Examples. By W. 
Griswold. 12mo., tucks $1.75 

GRUNER.— Studies of Blast Furnace Phenomena. 

By M. L. Gruner, President of the General Council of Mines of 
France, and lately Professor of Metallurgv at the Ecole des Mines, 
Translated, with the Author's sanction, with an Appendix, by L. D. B 
Gordon, F. R. S. E., F, G- 8. Illustrated. 8vo. . . . |2.5C 
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GUETTIEB.— Metallic AUoys: 

Being a Practical Guide to their Chemical and Physical Properties, 
their Preiparation, Composition, and Uses. Translated from the 
French of A. Gtjettier, Engineer and Director of Foundries, author 
of '*La Fouderie en France," etc., etc. By A. A. Fesquet, Chemist 
and Engineer. In one volume, 12mo. $3.00 

HABBIS. — Gas Superintendent's Pocket Companion. 

By Harris & Brother, Gas Meter Manufacturers, lllf) and 1117 
Cherry Street, Philadelphia. Full bound in pocket-book form $1,00 

Hats and Felting: 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . . . $1.25 

HOPMATra". — A Practical Treatise on the Manufac- 
ture of Paper in all its Branches. 

By Carl Hofmann. Late Superintendent of paper mills in Ger- 
many and the United States ; recently manager of the Public Ledger 
Paper MUls, near Elkton, Md. Illustrated by 110 wood engravings, 
and five large folding plates. In one volume, 4to., cloth; 398 
pages $15.00 

HUGHES.— -American Miller and Millwright's Assist- 
ant. 

By Wm. Carter Hughes. A new edition. In one vol., 12mo. $1.50 

HXJRST.~A Hand-Book for Architectural Surveyors 
and others engaged in Building: 

Containing Formulae useful in Designing Builder's work. Table of 
Weights, of the materials used in Building, Memoranda connected 
with Builders' work, Mensuration, the Practice of Builders' Measure- 
ment, Contracts of Labor, Valuation of Property, Summary of the 
Practice in Dilapidation, etc., etc. By J. F. Hurst, C. E. ' Second 
edition, pocket-book form, full bound $2.00 

JEB VIS.— Railway Property : 

A Treatise on the Construction and Management of Railways; de- 
signed to afford useful knowledge, in the popular style, to the holders 
of this class of property; as well as Railway Managers, Officers, and 
Agents. By John B. Jervis, late Chief Engineer of the Hudson 
River Railroad, Croton Aqueduct, etc. In one vol., 12mo., cloth $2.00 

JOHNSTON.— Instructions for the Analysis of Soils, 
Limestones, and Manures. 

By J. F, W. Johnston. 12mQ. . , , , .... 
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KEENE.— A Hand-Book of Practical Gktagmg : 

For the Use of Beginners, to which is added« A Chapter on Distills 
tiou, describing the process in operation at the Cosfcom House fot 
ascertaining the strength of vines. By Jameb B. Keenb, of H. M. 
Customs. j>vo. $1j25 

KELIjEY. — Speeches, Addresses, and Letters on In- 
dustrial and Financial Questions. 

Bv Hon. William D. Kelley, M. C. In one Tolame^ 544 pages, 
Svo $3i)0 

KENTISH.— A Treatise on a Box of Instruments, 

Ami the Slide Rule ; with the Theorv of Trigonometry and Loga- 
rithms, including Practical Geometry, Surveying, Measuring of Tim. 
her. Cask and Malt Gauging, Heights, and Distances^ By TaOMASi 
Kentish. In one volume. 12mo. $1.25 

SOBEI«L.—£BNI.— Mineralogy Simplified : 

A i>hort Methoii of Determining and Classifying Minerals, by means 
of simple Chemical Experiments in the Wet Wav. Trmnslated finMn 
the last German Edition of F. Vox KoBELi^ with an Introduction to 
Blow-pipe Analysis and other additions. By Henbi Erxi, M. D., 
late Chief Chemist, lVpartn»ent of Agriculture, author of " Cool Oil 
and Petroleum.'^ In one volume, l:hno. . . . , $230 

IiAKDBIN.— A Treatise on Steel: 

Comprising its Theory-, Metallurgy, Properties, Practical Working, 
and Vse. By M. IL l\ Lasdkix, Jr., i ivil Engineer. T^ianslated 
from the Frviich. with Xotes. by A. A. FES^iCET, Chemist and Engi- 
ueer. AVith uu Ap{>eudix on the Bessemer and the Martin Processe* 
for Manufucturmg t^ieel, from the Report of Abram S. Hewitt, UnitcJ 
Statk^s Commissioner to the Universal Exposicioo, Paris, 16t>7. In one 
volume, 12mo. $3.<j0 

TiAKirry,— The Practical Brass and Iron Fovmder's 

Guide: 

A Concise Treanse on Brass Founding, Moulding, the Metals and their 
Alloys, etc. : to which are added lieeeut li^piovements in the ^anu> 
iacture of Irv>n. Steel by the Bessemer Pn>oess, etc., etc. By Jaxes 
Eakkin, late ^.onduetor of the Brass Foundry Depajrtment in Beany, 
Neade ♦& Co's. Penu Works. Phihidelphia. Fifth edition, revised, 
with Extensive additions. In one volume, 12mo. . . $1^ 

IiSAVITT.— Facts about Peat as an Article of Fuel : 

With Be marks upi.>n its Origin and Co'nposition, the Localities in. 
which it is tVnuid, the Methods of Preparation and Manu£ictiire. and 
the various I'^s to which it is applicable : Digether with many other 
matters ot' Practical and SeientiJK* Interest. To which i» aidded a cha^v 
ter on the rtilizatiou of Coal Dust with Peat libr the Prodnetuoa of aa 
Excelieiu Fuel at Moderate C«>st» specially adapted for Steam Service. 
Bv T. H. Lkavitt. Third edition. 12niow • . . ^ITj 
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IjEBOUX, C— a Practical Treatise on the Manufac- 
ture of Worsteds and Carded Yarns : 

Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning ; Sorting, Cleaning, and Scouring Wools ; the English 
and French methods of Combing, Drawing, and Spinning Worsteds 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Leroux, Mechanical Engineer, and Superintendent of a 
Spinning Mill, by HoBATio Paine, M. D., and A. A. Fesquet, 
Cnemist and Engineer. Illustrated by 12 large Plates. To which is 
added an Appendix, containing extracts from the Reports of the Inter- 
national Jury, and of the Artisans selected by the Committee appointed 
by the Council of the Society of Arts, London, on Woollen and Worsted 
Machinery and Fabrics, as exhibited in the Paris Universal Exposi- 
tion, 1867. 8vo., cloth $5.00 

LESLIE (Miss).— Complete Cookery: 

Directions for Cookery in its Various Branches. By MiSS Leslie. 
60th thousand. Thoroughly revised, with the addition of New Re- 
ceipts. In one volume, 12mo., cloth $1.50 

LESLIE (Miss).— Ladies' House Book : 

A Manual of Domestic Economy. 20th revised edition. 12mo., cloth. . 

LESLIE (Miss).— Two Hundred Beceipts in French 
Cookery. 

Cloth, 12mo. 

LIEBER.— Assayer's Guide: 

Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. Lieber. 12mo., cloth. . . $1.25 

LOTH.— The Practical Stair Builder : 

A Complete Treatise on the Art of Building Stairs and Hand-Rails, 
Designed for Carj)enters, Builders, and Stair-Builders. Illustrated 
with Thirty Original Plates. By C. Edward Loth, Professional 
Stair-Builder. One large 4to. volume. .... $10.00 

LOVE.— The Art of Dyeing, Cleaning, Scouring, and 
Finishing, on the Most Approved Engli&h and 
French Methods: 

Being Practical Instructions in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Window 
Curtains, Carpets, Rugs, etc. French and English Cleaning, any 
Color or Fabric of Silk, Satin, or Damask. By Thomas Love, a 
Working Dyer and Scourer. Second American Edition, to which are 
added General Instructions for the Use of Aniline Colors. In one 
volume, 8vo., 343 pages. , , $5.00 
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MATN and BBOWN.^Questioiis on Snt^ectB Ccm- 
nected with the Marine Steam-Engine : 

Afid KxxnuinatioD Papers : with Hinu for their Solution. Br Thomas 
J. Mai.v, Pn/fryK/r of Mathematics. Koral XaTal College, ancl Thomjls 
Kkowx, Chief En;5iiieer, K. N. 1:^«*, cloth. . . . $ljO 

MJilN and BBOWN.— The Indicator and Dynamo- 
meter: 

With their Practical AppUcations to the Steam-Eniriiie. Bv Thomas 
J. Main, M. A. F. R., Aisistant Professr^r Royal Naval Odkee, Pons- 
mouth, and Thomas Bbowx, Assoc. Inst. C. E., Chief Engiiieer, R, 
N,, attarrhed to the Rojal Naval College. Illustrated. From the 
Fourth I>indon Edition. 8vo $1.50 

BCAIN and BBOWI7.— The Marine Steam-Engine. 

By Thomas J. Main, F. R. ; Assistant S. Mathematical Professor at 
th'; K'tval Naval College, Portemouth, and Thomas Browx, Assoc. 
Inst. <:'. E., Chief Engineer R. N. Attached to the Royal Naval Col- 
h;sre. Authors of ** Questions connected with the Manne Steam-fki- 
^ine," and the " Indicator and Dynamometer." With numerous Illus 
trations. In one volume, 8vo. ' $5.00 

MABTIK.— Screw-Cutting Tables, for the Use of Me- 
chanical Eng^eers: 

^hovrfng the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any required Pitch ; with a' Table for Making the Uni- 
versal Ga.s-Pii>e Thread and Taps. By W. A. Martin, Engineer. 
8vo 50 

Mechanics' (Amateur) Workshop: 

A treatise containing plain and concise directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, Sol- 
dcrint?, and Car|>entr>'. By the author of the " Lathe and its Uses.* 
Third edition. Illustrated. 8vo $3.00 

MOLESWORTH.— Pocket-Book of Useful FormulsB 
and Memoranda for Civil and Mechanical Engi- 
neers. 

By GriLFORD L. Molesworth, Member of the Institution of Civil 

Engineers, Chief liesident Engineer of the Ceylon Railway. Second 

American, from the Tenth London Edition. In one volume, full 

. bound in pocket-book form $1.00 

IT APIER.— A System of Chemistry Applied to Dyeing. 

By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion . C'Ompletely brought up to the present state of the Science, inclu- 
ding the Cnemistrjr of Coal Tar Colors, b^ A. A. Fesquet, Chemist 
and f^ngineer. With an Appendix on Dyeing and Calico Printing, as 
shown at the Universal Exposition, Paris, 1867. Illustrated. In one 
rolume, Svo.j 422 pages • $5.00 
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NAPIER.— Manual of Electro-Metallurgy : 

Including the Application of the Art to Manufacturing Processes. By 
James Napier. Fourth American, from tlie Fourth London edition, 
revised and enlarged. Illustrated by engravings. In one vol., 8vo. $2.00 

NASON.— Table of Reactions for Qualitative Chemical 
Analysis. 

By Henry B. Nason, Professor of Chemistry in the Rensselaer Poly- 
technic Institute, Troy, New York. Illustrated by Colors. 

NEWBERY.— Gleanings from Ornamental Art of 
every style : 

Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and ^ther Museums, the Exhibitions of 1851 and 1862, 
and the best Eng'.i^ii and Foreign works. In a series of one hundred 
exquisitely drawn Plates, containing many hundred examples. By 
Robert Newbery. 4to $12.50 

NICHOLSON.— A Manual of the Art of Bookbinding : 

Containing full instructions in the different Branches of ForwaTding, 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. 12mo., cloth. $2.25 

NICHOLSON.— The Carpenter's New Guide: 

A Complete Book of Lines for Carpenters and Joiners. By Peter 
Nicholson. The whole carefully and thoroughly revised by H. K. 
Davis, and containing numerous new and improved and original De- 
signs for Roofs, Domes, etc. By Samuel Sloan, Architect. lUuS' 
trated by 80 plates. 4to. 

NOB.B.IS. — ^A Hand-book for Locomotive Engineers 
and Machinists: 

Comprising the Proportions and Calculations for Constructing Loco- 
motives; Manner of Setting Valves ; Tables of Squares, Cubes, Areasj 
etc., etc. By Sfptimus Norris, Civil and Mechanical Engineer. 
New edition. Illustrated. r2mo., c'oth.- .... $1.50 

NYSTROM.— On Technological Education, and the 
Construction of Ships and Screw Propellers : 

For Naval and Marine Engineers. By John W. Nystrom, late Act 
i»g Chief Engineer, U. S. N. Second* edition, revised with additional 
matter. Illustrated by seven engravings. 12mo. . . $1.50 

O'NEILL.— A Dictionary of Dyeing and Calico Print- 
ing: 

Containing a brief account of all the Substances and Processes in use 
in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Ana- 
lytical Chemist ; Fellow of the Chemical Society of London ; Member 
of the Literary and Philosophical Societj of Manchester ; Author of 
" Chemistry oi" Calico Printing and Dyeing." To which is added an 
Essay on Coal Tar Colors and their application to Dyeing and Calico 
, Printing. By A. A. Fesqitet, Chemist and Engineer. With an Ap- 
pendix on Dyeing and Calico Printing, as shown at the Universal 
exposition, Paris, 1867. In one volume, 8vo., 491 pages. . $5.00 
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ORTON.— Underground Treasures : 

How and Where to Find Them. A Key for the Ready Determination 
of all the Useful Minerals within the United States. By James 
Orton, a. M. Illustrated, 12mo $1.50 

OSBOBN.— American Mines and Mining: 

Theoretically and Practically Considered. By Prof. H. S. OSBOBN. 
Illustrated by numerous engravings. 8vo. {In preparation,) 

OSBORN.— The Metallurgy of Iron and Steel : 

Theoretical and Practical in all its Branches ; with special reference 
to American Materials and Processes. By H. S. OSBORN, LL. D., 
Professor of Mining and Metallurgy in Lafayette College, Easton, 
Pennsylvania. Illustrated by numerous large folding plates and 
wood-engravings. 8vo. $17.50 

OVERMAN.— The Manufacture of Steel : 

Containing the Practice and Principles of Working and Making Steel. 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By Fred- 
erick Overman, Mining Engineer, Author of the " Manufacture of 
Iron," etc. A new, enlarged, and revised Edition. By A. A. Fesquet, 
Chemist and Engineer $1.50 

OVERMAN.— The Moulder and Founder's Pocket 
Guide : 

A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam, 
and Cement ; the Moulding of Machine Frames, Mill-^ear, Hollow- 
ware, Ornaments, Trinkets, Bells, and StatueS ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax, and other articles commonly used in Casting; the Construction 
of Melting Furnaces, the Melting and Founding of Metals ; the Com- 
position of Alloys and their Nature. With an Appendix containing 
Keceipts for Alloys, Bronze, Varnishes and Colors for Castings ; also. 
Tables on the Strength and other qualities of Cast Metals. By Fred- 
erick Overman, Mining Engineer, Author of " The Manufacture 
of Iron." With 42 Illustrations. 12mo $2,00 

Painter, Gilder, and Varnisher's Companion : 

Containing Rules and Regulations in everjrthing relating to the Arts 
of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling, 
Sign-Writing, Gilding on Glass, and Coach Painting and Varnishing ; 
Tests for the Detection of Adulterations in Oils, Colors, etc. ; and a 
Statement of the Diseases to which Painters are peculiarly liable, with 
the Simplest and Best Remedies. Sixteenth Edition. Revised, with 
an Appendix. Containing Colors and Coloring - Theoretical and 
Practical. Comprising descriptions of a ^reat variety of Additional 
Pigments, their Qualities and Uses, to which are added, Dryers, and 
Modes and Operations of Painting, etc. Together with Chevreurs 
Principles of Harmony and Contrast of Colors. 12mo., cloth. $1.50 
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1?ALLETT.— The MiUer's, MiUwright's, and Engineer's 
Guide. 

By Henry Pallett. Illustrated. In one volume, 12mo. $3.00 

PERCY.— The Manufacture of Russian Sheet-Iron. 

By John Percy, M.D., F.R.S., Lecturer on Metallurgy at the Royal 
School of Mines, and to The Advanced Class of Artillery Officers at 
the Royal Artillery Institution, Woolwich ; Author of " Metallurgy." 
With Illustrations. 8vo., paper 50 cts. 

PERKINS.— Gas and Ventilation. 

Practical Treatise on Gas and Ventilation. With Special Relation to 
Illuminating, Heating, and Cooking by Gras. Including Scientific 
Helps to Engineer-students and others. With Illustrated Diagrams. 
By E. E. Perkins. 12mo., cloth $1.25 

PERKINS and STOWE.— A New Guide to the Sheet- 
iron and Boiler Plate RoUer : 

Containing a Series of Tables showing the Weight of Slabs and Piles 
to produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gauge in 
decimals ; the Weight per foot, and the Thickness on the Bar or Wire 
Gauge of the fractional parts of an inch ; the Weight per sheet, and 
the Thickness on the Wire Gauge of Sheet-iron of various dimensiouvs 
to weigh 112 lbs. per bundle; and the conversion of Short Weight 
into Long Weight, and Long Weight into Short. Estimated and col- 
lected by G. H. Perkins and J. G. Stowe. . . . . $2.00 

PHILLIPS and DARLINGTON.— Records of Mining 
and Metallurgy; 

Or Facts and Memoranda for the use of the Mine Agent and Smelter. 
By J. Arthur Phillips, Mining Engineer, Graduate of the Imperial 
School of Mines, France, etc., and John Darlington. Hlustrated 
by numerous engravings. In one volume, 12mo. . . $l.oO 

PROTEAUX.— Practical Guide for the Manufacture 
of Paper and Boards. 

By A. Proteaux, Civil Engineer, and Graduate of the School of Arts 
and Manufactures, and Director of Thiers' Paper Mill, Puy-de-D6mc. 
With additions, by L. S. Le Normand. Translated from the French, 
with Notes, by Horatio Paine, A. B., M. D. To which is added a 
Chapter on the Manufacture of Paper from' AVood in the United 
States, by Henry T. Brown, of the ** American Artisan." Illus- 
trated by six plates, containing Drawings of Raw Materials, Machi- 
nery, Plans of Paper-Mills, etc., etc. 8vo IIO.CO 

P,EGNAULT.— Elements of Chemistry. 

By M. V. Regnaui.t. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and Wm. L. Faber, Metallurgist and Mining 
Engineer. Illustrated by nearly 700 wood engravings. Comprising 
nearly 1500 pages. In two volumes, 8vo., cloth. . . . $7.50 
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BEII).— A Practical Treatise on the Manufacture of 
Portland Cement: 

B^ Henry Reid, C. E. To which is added a Translation of M. A 
Lipowitz's Work, describing a New Method adopted in Germany for 
Manufacturing that Cement, by W. F. Reid. illustrated by plate.s 
and wood engravings. 8vo $7. 20 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A 
Practical Treatise on the Manufacture of Var- 
nishes. 

By MM. RiFFAULT, Vergnaud, and ToussAiNT. Revised and 
Edited by M. F. Malepeyre and Dr. Emil Winckler. Illustrated. 
In one volume, 8vo. {In preparation.) 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A 
Practical Treatise on the Manufacture of Colors 
for Painting: 

Containing the best Formulae and the Processes the Newest and in 
most General Use. Hy M M. Riffault, Vergnaud, and Toussaint. 
Revised and Edited bv M. F. Malepeyre and Dr. Emil Winckler. 
Translated from the French by A. A. FteSQUET, Chemist and Engi- 
neer. Illustrated by Engravings. In one volume, 650 pages, 8vo. 

$7,50 

ROBINSON.— Explosions of Steam Boilers: 

How they are Caused, and how they may be Prevented. By J. R. 
Robinson, Steam Engineer. 12mo. , . . . 

ROPER.— A Catechism of High Pressure or Non- 
Condensing Steam-Engines : 

Including the Modelling, Constructing, Running, and Management 
of Steam Engines and Steam Boilers. With Illustrations. By 
Stephen Roper, Engineer. Full bound tucks . . . $2.00 

ROSELEUR.— Galvanoplastic Manipulations : 

A Practical Guide for the Gold and Silver Electro-plater and the 
Galvanoplastic Operator. Translated from the French of Alfred 
RoSELEUR, Chemist, Professor of the Galvanoplastic Art, Manufactu- 
rer of Chemicals, Gold and Silver Electro-plater. By A. A. Fesquet, 
Chemist and Engineer. Illustrated by over 127 Engravings on wood. 

8vo., 495 pages $7.60 

p^^ This Treatise is the fullest and hy far the best on this subject ever 
published m the United States. 

SCHINZ.— Researches on the Action of the Blast 
Furnace. 
By Charles Schinz. Translated from the German with the special 
permission of the Author by William II. Maw and Moritz Mdl- 
ler. With an Appendix written by the Author expressly for this 
edition. Illustrated by seven plates* containing 28 figures. In one 
volume, 12mo. 



HENRY CAREY BAIRiyS CATALOGUE. 18 



SHAW.— Civil Architecture: 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. B7 Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
Bv Thomas W. Sllloway and George M. Harding, Architects. 
The whole illustrated by One Hundred and Two quarto plates finely 
engraved on copper. Eleventh Edition. 4to., cloth. . $10.00 

SHXJNK.— A Practical Treatise on Hailway Curves 
and Jjocation, for Yonng Engineers. 
By William F. Shtnk, Civil Engineer. 12mo. . . $2.00 

SLOAN.— American Houses: 

A variety of Original Designs for Bural Buildings. Hlustrated by 26 
colored Engravings, with Descriptive References. By Samuel Sloan, 
Architect, author of the " Model Architect," etc., etc. 8vo. $1.50 

SMEATON.— Builder's Pocket Companion: 

Containing the Elements of Building, Surveying, and Architecture ; 
with Practical Rules %nd Instructions connected with the subject. 
By A. C. Smeaton, Civil Engineer, etc. In one volume, 12mo. $1.50 

SMITH.— A Manual of Political Economy. 

By E. Peshine Smith. A new Edition, to which is added a full 
Index. 12mo., cloth. •. $1.25 

SMITH.— Parks and Pleasure Grounds : 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H: J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. 12mo. $2.25 

SMITH.— The Dyer's Instructor: 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woollen Goods: containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding ; and 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. 12mo., cloth. . . . $3.00 

SMITH.— The Dyer's Instructor: 

Comj)rising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted and Woollen Goods. Third Edition, with many 
additional Receipts for Dyeing the New Alkaline Blues and Night 
Greens, wUh Dyed PcUtems affixed, 12mo., pp. 394, cloth. . $10.50 

STEWART.— The American System. 

Speeches on the Tariff Question, and on Internal Improvements, princi- 
pally delivered in the House of Representatives of the United States • 
By Andrew Stewart, late M. C. from Pennsylvania. With a Portrait, 
and a Biographical Sketch. In one volume, 8vo., 407 pages. $3.0f 
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STOKES.— Cabinet-maker'B and Upholsterer's Com- 
panion : 

Comprising the Rudiments and Principles of Cabinet-making and Up- 
holstery, with Familiar Instructions, illustrated by Examples for 
attaining a Proficiency in the Art of Drawing, as applicable to Cabi- 
net-work ; the Processes of Veneering, Inls^mg, and Buhl-work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, etc. Direc- 
tions for Layering, Japanning, and Varnishing; to make French 
Polish ; to prepare the Best Glues, Cements, and Compositions, and a 
number of Receipts particularly useful for workmen generally. By 
J. Stokes. . In one volume, 12mo. With Illustrations. . $1.25 

Strength and other Properties of Metals: 

Reports of Experiments on the Strength and other Properties of Metals 
*. for Cannon. With a Description of the Machines for testing Metals, 
and of the Classification of Cannon in service. By Officers of the Ord- 
nance Department U. S. Army. By authority of tne Secretary of War. 
Illustrated by 25 Targe steel plates. In one volume, 4to. . $10.00 

SULLIVAN.— Protection to Native. Industry. 

By Sir Edvtard Sullivan, Baronet, author of " Ten Chapters on 
Social Reforms." In one volume, 8vo $1.50 

Tables Showing the Weight of Hound, Square, and 
Plat Bar Iron, Steel, etc.. 

By Measurement. Cloth 63 

TAYLOR.— Statistics of Coal : 

Including Mineral Bituminous Substances employed in Arts and 
Manufactures ; with their Geographical, Geological, and Commercial 
Distribution and Amoiint of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Hal- 
DEMAN. Illustrated by five Maps and many wood engravings. 8vo., 
cloth. . . . . $10.00 

TEMPLETON.— The Practical Examinator on Steam 
and the Steam-Engine : 

With Irstrnctiv*^ References relotive thereto, arranged for the Use of 
Engineers, Students, and others. By Wm. Templeton, Engineer. 
12mo $1.25 

THOMAS.— The Modern Practice of Photography. 

. By R. W. Thomas, F. C. S. 8vo., cloth 75 

THOMSON.— Freight Charges Calculator. 

By Andrew Thomson, Freight Agent. 24mo. . . . $1.25 

TURNING: Specimens of Fancy Turning Executed 
on the Hand or Foot Lathe: 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 
Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 
4to $3.00 



HENRY CAEEY BAIRD^S CATALOGUE. €1 

Turner's (The) Companion: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn- 
ing : also various Plates of Chucks, Tools, and Instruments ; and Di- 
rections for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest ; with Patterns and Instructions for working them. A 
new edition in one volume, 12mo. $1.50 

URBIN — BRULL.— A Practical Qnide for Puddling 
Iron and Steel. 

By Ed. Urbin, Engineer of Arts and Manufactures. A Prize Essay- 
read before the Association of Engineers, Graduate of the School of 
Mines, of Liege, Belgium, at the Meeting of 1 865-(). To which is added 
A Comparison of the Resisting Properties of Iron and Steel. 
By A. Brull. Translated from the French by A. A. Fesquet, Che- 
mist and Engineer. In one volume, 8vo $1.00 

VAIIiE.— Galvanized Iron Cornice- Worker's Manual; 

Containing Instructions in Laying out the Different Mitres, and Ma- 
king Patterns for all kinds of Plain and Circular Work. Alio, Tables 
of Weights, Areas and Circumferences of Circles, and other Mattet 
calculated to Benefit the Trade. By Charles A. Vaile, Superin- 
tendent " Richmond Cornice Works," Richmond, Indiana. Illustra- 
ted by 21 Plates. In one volume, 4to $5.00 

VILLE.— The School of Chemical Manuf es : 

Or, Elementary Principles in the Use of Fertilizing Agents. From the 
French of M. George Ville, by A. A. Fesquet, Chemist and Engi- 
neer. With Illustrations. In one volume, 12 mo. . . $1.25 

VOGDES.— The Architect's and Builder's Pocket Com- 
panion and Price Book: 

Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of U. S. Measures, 
Sizes, Weights, Strengths, etc., of Iron, AVood, Stone, and various 
other Materials, Quantities of Materials in Given Sizes, and Dimen- 
sions of Wood, Brick, and Stone ; and a full and complete Bill of 
Prices for Carpenter's Work ; also. Rules for Computing and Valuing 
Brick and Brick Work, Stone Work, Painting, Plastering, etc. By 
Frank W. Vogdes, Architect. Illustrated. Full bound in pocket- 
book form $2.00 

Bound in cloth. l.iiO 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain- 
ing a selection of Geometrical Problems ; also, Practical and Simple 
Rules for describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical Tin- 
plate Worker. To which is added an Appendix, containing Instruc- 
tions for Boiler Making, Mensuration of Surfaces and Solids, Rules for 
Calculating the Weights of diflferent Figures of Iron and Steel, Tables 
of the Weights of Iron, Steel, etc. Illustrated by 32 Plates and 37 
Wood Engravings. Svo, $3.00 
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WATSON.— A Manual of the Hand-Lathe : 

Comprising Concise Directions for workinj^ Metals of all kinds^ I^orf , 
Bone and rrecious Woods ; Dyeing, Coloring, and French Polishing ; 
Inlaying by Veneers, and various methods practised to produce Elabo- 
rate work with Dispatch, and at Small Expense. By Egbert P. 
Watson, late of " The Scientific American," Author of" The Modem 
Practice of American Machinists and Engineers.'' Illostrated by 7S 
Engravings ^.50 

WATSON.— The Modem Practice of American Ma- 
chinists and Bngineers: 

Including the Construction, Application, and Use of Drills, Lathe 
Tools, Cutt<jrs for Boring Cylinders, and Hollow Work (Generally, 
with the most Fkx>n()mical Speed for the same ; the Results Verified % 
Actual Practice at the Lathe, the Vice, and on the Floor. Together 
with Workshop Management, Economy of Manufacture, the Steam- 
Engine, Boilers, (Jears, Belting, etc., etc. By Egbert P. Watson, 
late of the " Scientific American." Illustrated by 86 Engravings. In 
one volume, 12mo $2.50 

WATSON.— The Theory and Practice of the Art of 
Weaving by Hand and Power : 

With Calculations and Tables for the use of those connected with the 
Trade. Hy Joiix Watson, Manufacturer and Practical Machine 
Maker. Illustrated by large Drawings of the best Power Looms. 
8vo. . •. $7.50 

WBATHERIfY.— Treatise on the Art of Boiling Su- 
gar, Crystallizing, Ijozenge-making, Comfits, Gum 
Goods. 

12mo $2.00 

WILL. — Tables for Qualitative Chemical Analysis. 

By Professor IlEiNRiCH Will, of Giessen, Germany. Seventh edi- 
tion. TninshUed by CHARLES F. HiMES, Ph. D., Professor of Natu- 
ral Science, Dickinson College, Carlisle, Pa. . . . $1^ 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaporization, Condensation, and Explosions. 
By Charles Wye Williams, A. I. C. E. Illustrated. 8vo. $3.50 

WOHLER.— A Hand-Book of Mineral Analysis. 

By F. Wohler, Professor t)f Chemistry in the Universitv of Gottin- 
gen. Fxiited by Henry B. Nason, Professor of Chemistry in the 
Kensselaer Polytechnic Institute, Troy, Now York. Illustrated. In 
one volume, 12rao $3 00 

WOBSSAM.— On Mechanical Saws: 

From the Transactions of the Society of Engineers, 1869. By 8. W. 
Worssam, Jr. Illustrated by 18 large plates. 8vo. . . S2.&U 
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AUERBACH. — Anthracen : Its Constitution, Properties, Man- 
ufacture, and Derivatives, including Artificial Alizarin, An- 
thrapurpurin, with their applications in Dyeing and Printing. 

By G, AuERBACH. Translated and edited by Wm. Crookes, F. R. S. 
8vo. , . . . . . . . ... $6.00 

BECKETT.— Treatise on Clocks, Watches and Bells. 

By Sir Edmund Beckett, Bart. Illustrated. 12mo. . $1.75 

BARLOW.— The History and Principles of Weaving, by Hand 
and by Power. 

Several Hundred Illustrations: 8vo. . • , , . . $10.00 

BOURNE. — Recent Improvements in the Steam Engine. 
By John Bourne, C. E. Illustrated. 16nio. . . . $1.50 

CLARK. — Fuel : Its Combustion and Economy. 
By D. KiNNEAR Clark, C. E. 144 Engravings. 12mo. . $1.60 

CRISTIANI.— Perfumery and Kindred Arts. 
By R. S. Cristiani. 8vo. $5.00 

COLLENS.— The Eden of Labor, or the Christian Utopia, 
12mo. Paper, $1.00; Cloth, $1.25 

CUPPER.— The Universal Stair Builder. 
Illustrated by 29 plates. 4to. $2.50 

COOLEY.— A Complete Practical Treatise on Perfumery. 
By A. J. Cooley. 12mo $1.50 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling and Sign Writing : 

With 9 Colored Illustrations of Woods and Marbles, and many Wood 
Engravings. 12mo. $3.00 

EDWARDS.— A Catechism of the Marine Steam Engine. 
By Emory Edwards. Illustrated. 12mo. . . . $2.00 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen : 

Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yarns. By E. C. Haserick. Illustrated by 323 Dyed Pat- 
terns of the Yarns or Fabrics. 8vo. ..... $25.00 

HENRY.— The Early and Later History of Petroleum. 
By J. T. Henry. Illustrated. 8vo $4.50 
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KELLOGG.— A New Monetary System. 

By Ed. KeiajOOG. Fifth Edition. Edited by Mart Keixogg 
Putnam. 12nio. Pmper, $1.00 ; Cloth, .... $1^t«> 

KEMLO.— Watch Repairer's Hand-Book. 
Illustrated. 12iuo. $1.25 

MORRIS. — Easy Rules for the Measurement of Earthworks by 
means of the Prismoidal Formula. 

By El WOOD Mobuis, C. E. 8vo. $l.5*j 

McCULLOCH.— Distillation, Brewing and Malting. 

By J. C. McCuLLOCH. 12mo $1.00 

NEVILLE.— Hydraulic Tables, Co-Efficients, and Formulae 
for Finding the Discharge of Water from Orifices, Notches, 
Weirs, Pipes, and Rivers. 

Illustrated. 12mo $5.(» 

NICOLLS.— The Railway Builder. 

A Hand-book for Estimating the Probable Cost of American Railway 
Construction and Equipment By Wm . J. Nl€X>LIfi, C. £. Poek»^- 
book Form $2.0«< 

NORMANDY.— The Commercial Hand-book of Chemical 

Analysis. 
By II. M. NoAD, Ph. D. 12mo $5.<h> 

PROCTOR.— A Pocket-Book of Useful Tables and Formulae 
for Marine Eng^eers. 

By Frawk Pkoctoc. Pocket-book Form. . . . $2.t» 

ROSE. — The Complete Practical Machinist : 

Embracinir Ijathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Makiirg and Use of Tools, ete., 
etc. By Josh i: A Rose. 130 Illustrations. 12mo. . . $2.50 

SLOAN. — Homestead Architecture. 
By Samuel Sloan, Architect. :200 Engravings. 8vo. . $3.30 

SYME. — Outlines of an Industrial Science. 
By David Symk. 12mo $2.0^ 

WARE.— The Coachmaker's Illustrated Hand-Book. 

Fully Illustrated. 8vo. $3.0»> 

WIGHTWICK.— -Hints to Young Architects. 
Numerous Wood Cuts. 12mo $2.00 

WILSON.— First Principles of Political Economy. 
I2mo $1.50 

WILSON.— A Treatise on Steam Boilers, their Strength, Con- 
struction, and Economical Working. 
By llOBT. W11.SON. Illustrated. 12mo $2.50 
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